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selection;  Task  III  W HONS  Design  Layouts;  and  Task  IV  - Skid 
Helicopter  Adapter. '^The  first  task  resulted  In  the  definition  of 
some  30  ground  mobility  system  concepts.  Including  wheeled  and 
tracked,  frame-type  transporters,  auxiliary  wheel  systems,  all- 
wheel- drive  prlsM  movers,  and  two-element,  articulated  mover  sys- 
tems designed  for  load  transfer  from  the  helicopter.  In  Task  II, 
the  contractor  developed  evaluation  criteria  and  conducted  a pre- 
llislnary  analysis  of  the  suitability  of  the  various  concepts  for 
the  mission  of  providing  local  ground  mobility  for  the  AAH  and 
UTTAS  helicopters  In  unimproved  terrain.  The  task  was  concluded 
with  a review  of  the  results  of  the  contractor's  analysis  by 
USAAMRDL  and  other  cognizant  Ansy  agenpiiee  and  a selection  of  one 
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The  third  task  Involved  the  preparation  of  prototype  design  lay- 
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lated prime  mover,  with  provisions  for  offloading  the  tall  wheel 
of  the  helicopter  for  weight  transfer,  and  controls  for  a walking 
op>erator.  With  tractive  effort  provided  by  this,  the  flotation 
required  for  the  helicopter  Is  achieved  by  temporarily  attaching 
tracks  on  the  main  landing  gear  of  the  helicopter.  Additionally, 
under  Task  III,  the  contractor  prepared  the  system  specification 
for  the  HOMS. 

The  program  effort  was  concluded  with  Tssk  IV,  which  Involved  the 
development  of  s concept  design  and  preliminary  layout  drawings 
for  the  adapter  unit  enabling  use  of  the  HOMS  with  skld-equlpped 
helicopters. 

The  program  desb^^bed  In  this  raport  clearly  desionstrates  the 
technical,  operational,  and  economic  feasibility  of  s helicopter 
iround  Biovement  syrcem  to  mobilize  the  AAH  and  UTTAS  helicopters, 
ind,  with  an  adapted  skld-equlpped  helicopters  for  dispersal 
■nd  concealment  on  tnb  ground  In  unprepared  landing  areas. 
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1 


INTRODUCTION 


1.1  BACKGROUND 

Skld-equlpped  helicopters,  since  their  introduction  into  gen- 
eral, civil,  and  military  use,  have  presented  problems  with 
respect  to  local,  on-the-ground  movement  for  servicing  and 
maintenance.  Where  these  helicopters  are  based  on  improved 
operational  sites,  ground  movement,  with  the  lift  system 
static,  has  been  routinely  accomplished  by  the  use  of  a com- 
bination of  castered  or  wheeled  landing  pads,  towbars,  and 
lightweight  prime  movers  or  tow  tugs,  or  skid-mounted,  ground- 
handlin''  eels,  adapters,  and  tugs.  Often,  in  military  oper- 
ation ever,  skld-equlpped  helicopters  must  operate  from 

unlr  mding  areas  where  the  problem  of  local  ground 

mov  .b  is  magnified  and  the  typical  landing  pad  or  ground- 
handling wheel  arrangement  will  not  provide  the  required 
levels  of  mobility. 

The  incorporation  of  wheeled  landing  gear  on  civil  and  mili- 
tary helicopters  eliminates  the  need  for  much  of  the  support 
equipment  associated  with  the  ground  handling  of  skid-equipped 
helicopters  on  paved  surfaces,  but  in  operations  frcm  unpre- 
pared landing  areas  the  situation  is  not  much  Improved  over 
that  experienced  with  the  typical  skld-equlpped  helicopter. 

In  reviewing  tactical  considerations  in  the  employment  of 
utility  and  attack  helicopters  in  possible  European  opera- 
tional areas,  the  7th  Army,  in  the  early  1970*8,  concluded 
that  a means  would  have  to  be  developed  to  move  skld-equlpped 
helicopters  into  concealed  positions  in  forward  laager  areas 
to  reduce  the  possibility  of  detection  and.  In  turn,  their 
vulnerability  to  hostile  action. while  they  were  being  ser- 
viced and  rearmed.  This  ultimately  led  to  the  approval  and 
publication  of  a Required  Operational  Capability  (ROC) 
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document  In  June  1973#  defining  a requirement  for  a ground 
movement  or  mobility  system  for  skid-equipped  helicopters. 

Development  and  test  activity  directed  toward  satisfaction  of 
this  requirement  Involved  the  Army  Aviation  Systems  Conmand^, 
the  Land  Warfare  Laboratory^,  and  the  U.S.  Army  MASSTER  at 
Port  Hood,  Texas^.  Their  mutual  efforts  resulted  In  the  fab- 
rication and  evaluation  of  several  candidate  helicopter  ground 
mobility  systems.  These  Included:  A self-propelled,  rough- 
terrain,  ground-handling  system  mounted  on  tracks;  an  air- 
cushion  platform  with  ramps  and  a winch;  UH-1  ground-handling 
wheels  modified  for  use  on  the  OH-58;  powered  UH-1  ground- 
handling wheels;  a powered  helicopter  transporter  with  tracks 
and  roller- type  skid  ramps;  so-called  "field  wheels",  wheels 
mounted  on  axle  assemblies  attached  to  the  helicopter  skids 
and  carrying  hlgh-flotatlon  tires;  and  various  configurations 
or  arrangements  of  UH-1  groxind-handllng  wheels  and  towbars. 

MASSTER  was  assigned  the  task  of  testing  and  evaluating  these 
systems  In  terrain  conditions  approximating  those  which  were 
characteristic  of  unprepared  laager  areas.  The  powered  ground- 

^HELICOFTER  MOVEMENT  ON  UNIMPROVED  TERRAIN,  USAEWES  Technical 
Report  M-74-1,  U.S.  Army  Aviation  Systems  Comnand/U.S.  Army 
Engineer  Waterways  Experiment  Station,  Vicksburg,  Mississi- 
ppi, January  197^. 

^EXPEDIENT  MEANS  FOR  MOVING  HELICOPTERS,  USALWL  Technical 
Report  74-75#  U.S.  Anay  Land  Warfare  Laboratory,  Aberdeen 
Proving  Ground,  Maryland,  April  1974. 

Helicopter  ground  movement  systems  test,  masstbr  Test  Report 

PM  161,  Headquarters,  Modem  Army  Selected  System  Test,  Eval- 
uatlwi,  and  Review,  Port  Hood,  Texas,  March  1975. 


handling  Mheels  and  the  rough-terrain  ground -handling  system 
were  dropped  from  the  MASSTER  test  program  early  on  because  of 
mechanical  deficiencies  that  developed  In  the  Initial  engineer- 
ing shakedown.  The  remaining  systems  were  evaluated  with  re- 
spect to  mobility,  maneuverability,  power,  speed,  signature, 
transportability,  helicopter  attach/detach  times,  and  tow 
vehicle  requirements. 

The  alr-cushlon  platform  and  the  helicopter  transporter  both 
suffered  from  control  and  maneuvering  problems,  and  their  size 
and  weight  were  such  as  to  make  their  transportability,  on  the 
ground  or  by  aircraft,  questionable.  Because  of  these  con- 
siderations, and  such  other  factors  as  the  signature  of  the 
alr-cushlon  platform  and  the  poor  ratio  of  availability  to  down- 
time for  the  helicopter  transporter,  both  designs  were  found 
unsatisfactory.  Use  of  the  UH-1  ground-handling  wheels  on  the 
OH-58  was  found,  generally,  to  be  an  acceptable  concept;  how- 
ever, the  Impact  and  torsional  loads  transmitted  to  the  heli- 
copter's skid  landing  gear  while  It  was  being  towed  over  Irreg- 
ular terrain  Indicated  this  approach  could,  ultimately,  prove 
to  be  damaging  to  the  skid  structure. 

The  field  wheels,  both  the  four-wheel  and  two-wheel  versions, 
demonstrated  satlsfactoz*y  performance  from  a mobility  stand- 
point. But  a drawback  of  the  four-wheel  version  was  a weight 
of  approximately  1300  pounds.  It  was  also  found  that  the 
equipment  presented  some  difficulties  In  maneuvering,  particu- 
larly with  regard  to  changing  the  direction  of  travel.  The 
two-wheel  version  of  the  field  wheels  resolved  these  problems 
and  was  found  to  be  an  acceptable  means  of  mobilizing  the  UH-1 
helicopter  hulks  used  In  the  MASSTER  tests.  The  extended  UH-1 
ground-handling  wheels  were  also  found  to  be  generally  satis- 
factory, providing  additional  ground  clearance  and  Impraved 
flotation.  Aa  with  the  UH-1  ground-handling  wheels  used  on 
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the  OH-58,  and  as  with  the  field-wheel  devices,  however,  no 
means  were  available  to  evaluate  the  magnitude  of  the  torsional 
and  impact  loads  Imposed  on  helicopter  structure  during  nego- 
tiation of  the  MASSTER  test  course. 

While,  as  noted,  some  of  the  systems  were  founu  satisfactory, 
the  overall  conclusion  resulting  from  MASSTER* s test  and  evalu- 
ation was  that  none  of  the  concepts  warranted  further  develop- 
ment. Consequently,  no  further  activity  took  place  until  the 
advent  of  the  developmental  programs  for  the  Army's  new  attack 
helicopter  (the  AAH)  and  utility  helicopter  (UTTAS).  Although 
all  of  the  candidate  designs  were  to  incorporate  wheeled  land- 
ing gear,  the  constraints  Imposed  by  aerodynamic  and  perform- 
ance considerations  dictated  the  use  of  relatively  high- 
pressure,  small  footprint  tires  on  the  main  landing  gear  of  the 
helicopters.  While  this  would  provide  a good  capability  for 
local  groxind  movement  at  prepared  operational  sites,  the  ini- 
tial indications  were  that  the  wheeled  running  gear  would  not 
prove  satisfactory  for  local  ground  movement  in  unprepared 
laager  areas. 

This  situstion  resulted  in  a decision  in  mid-1973  by  the  Eustis 
Directorate,  U.S.  Army  Air  Mobility  Research  and  Develoixnent 
Laboratory  (USAANRDL),  to  initiate  a program  to  develop  a 
I Helicopter  Ground  Mobility  System  (HCMS)  for  the  wheeled  AAH 

' and  UTTAS  helicopters  to  provide  a capability  for  local  ground 

! movement  in  rough  terrain.  A secondary  objective  of  the  pro- 

I gram  was  to  determine,  through  additional  design  and  analysis, 

whether  the  wheeled  helicopter  HOMS  could  be  adapted  for  skid- 
equipped  helicopters.  This  report  summarizes  the  results  of 
the  first  phase  of  the  USAAMRDL  development  program  - the  HGMS 
concept  feasibility  investigation,  selection  and  -design  lay- 


1.2  MISSION  DEFIKITION 


In  possible  future  mid-intensity  conflicts  In  Europe,  the  U.S. 
Army  plans  to  employ  utility  and  attack  helicopters  In  close 
support  of  ground  operations.  These  helicopters.  Including  the 
UTTAS  and  AAH  (now  designated  the  UH-60A  and  YAH-64),  will  ob- 
viously be  vulnerable  to  detection  and  hostile  action  when  they 
are  on  the  ground  between  sorties  for  refueling,  rearming,  and 
servicing.  To  reduce  their  vulnerability,  the  Army  requires  a 
capability  to  mobilize  the  helicopters  with  their  lift  systems 
static  and  to  locally  move  them  Into  and  out  of  positions 
affording  natural  concealment.  In  Its  most  fundamental  aspect, 
achieving  this  capability  calls  for  a Helicopter  Ground  Mobil- 
ity System  (HOMS)  that  will  provide  tractive  effort,  flotation, 
and  obstacle-crossing  ability  In  adverse  terrain  employing  Its 
own  power  source  or  a power  source  on  the  helicopter.  A sec- 
ondary HOMS  objective  Is  the  movement  of  applicable  helicopters 
to  sites  within  the  laager  area  for  maintenance  purposes.  An 
additional  desired  HOMS  capability  Is  the  use  of  the  selected 
device  for  loading  or  unloading  of  the  affected  helicopters 
onto  or  off  transport  aircraft  such  as  the  C-130,  C-l4l,  and 
C-3A,  preferably  without  extensive  HOMS  reconfiguration  from 
Its  field  operating  configuration. 


The  basic  mission  requirement  for  the  HCMS  is  to  mobilize  Army 
helicopters  for  local  groimd  movement,  making  use  of  an  Inte- 
gral power  source  or  a helicopter  power  source  to  develop  trac- 
tive effort  throtigh  a hlgh-flotatlon,  ground-engaging  means, 
thereby  enabling  the  negotiation  of  adverse  terrain.  Defining 
the  HOMS  fld.sslon  In  greater  detail,  the  system  must  be  capable 
of  accomawdatlng  helicopters  with  weights  up  to  l6,000  pounds 
and  must  be  designed  so  as  to  permit  a change  In  configuration. 
If  required,  in  no  more  than  3 minutes  to  adapt  It  to  either 
the  AAH  or  UTTAS  helicopters.  The  HONS,  additionally,  must  be 
air  transportable  by  the  UTTAS  helicopter,  either  as  an 
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*ntemal  or  sling  load,  to  enable  Its  movement  with  aviation 
units  to  which  It  Is  organic,  or  to  which  It  Is  attached.  If 
dlaasaemblj  of  the  HCWS  Is  required  for  air  transport,  then 
the  disassembly  and  reassembly  operations,  with  two  mechanics, 
shall  not  require  more  than  1 hour  each  to  complete. 

A USAAMRIL  operational  scenario  for  the  HONS  was  generated 
using  various  Training  and  Doctrine  Command  (TRADOC)  documents. 
Tfie  assumptions  aref(l)  the  helicopters  In  the  laager  area  are 
dispersed  Into  a treellne  adjacent  to  the  landing/takeoff  site, 
are  30  meters  (98.4  feet)  apart,  and  have  been  fueled,  armed, 
and  prefllght  Inspected;  and  (2)  the  laager  area  Is  an  unpre- 
pared site  with  no  surface  treatment  and  having  rough  terrain 
between  the  concealment  point  and  takeoff  site.  Upon  mission 
alert,  one  HCMS  would  be  required  to  extract  up  to  five  heli- 
copters, moving  each  6o  feet  to  clear  the  treellne.  Using 
maximum  task  times  of  3 minutes  to  attach  or  detach  the  HOMS 
to  or  from  a helicopter  and  a rough  terrain  helicopter  move- 
ment speed  of  1 mile  per  hour  (1.4  feet/second),  with  "un- 
loaded" HOMS  movements  of  100  feet  between  helicopters,  a 
time  line  analysis  deteinlned  that  39  minutes  would  be  re- 
quired to  move  five  helicopters  to  takeoff  positions,  assuming 
no  HOMS  reconfiguration  Is  required  If  one  of  the  helicopters 
Is  an  escort  gunshlp.  This  was  felt  to  be  a maximum  allowable 
time  and  should  be  reduced  If  technically  possible. 

The  definition  of  rough,  unprepared  terrain  stemmed  from  an 
earlier  Army  Joint  Woiiclng  Oroup  decision  In  conjunction  with 
a previous  Required  Operational  Capability  (ROC)  for  a skld- 
equlpped  helicopter  ground  movement  system.  USAANRDL  dis- 
cussions with  Wsterways  Experiment  Station  personnel  re- 
sulted In  citing  soil  flrmnsss  In  terms  of  Cone  Index  (Cl)  In 
lieu  of  California  Bearing  Ratio  (CBR)  to  better  define  sub- 
surfaoa  conditions.  Thus  a CBR  of  1.0  was  converted  to  a Cl 
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of  50  on  a shallow  (3  percent)  slope,  with  graduations  to  a 
harder  CBR  of  2.5  (CI  of  125)  on  the  maximum  (15  percent) 
slope.  The  obstacle,  or  ditch,  depth  was  set  at  6 Inches, 
with  spacing  between  obstacles  set  at  10  feet.  It  should 
be  noted  that  the  original  design  requirements  for  the  AAH  and 
UTTAS  aircraft  prototypes  called  for  Inherent  mobility,  or 
towablllty.  In  a CBR  as  low  as  2.5.  The  HOMS  will,  therefore, 
extend  the  ground  mobility  of  those  wheeled  helicopter  models 
Into  the  much  less  firm  terrain  to  be  encountered  In  the  unpre- 
pared operational  sites  In  a combat  area. 

Additional  requirements  Imposed  by  the  overall  or  basic  HOIS 
mission  description  Include  provl<ilons  for  precise  directional, 
speed,  and  braking  control,  and  a weight  distribution  on  the 
system  with  a helicopter  payload  that  will  assure  lateral  and 
longitudinal  stability  on  Irregular  terrain,  grades,  and  slopes. 

1.3  PROGRAM  HISTORY  AND  ORGANIZATION 

As  noted  previously,  USAAMRDL  made  a decision  In  mld-1975  to 
Initiate  a program  to  develop  a Helicopter  Ground  Mobility 
System  (HGMS)  to  provide  local  ground  mobility  for  the  wheeled 
UTTAS  and  AAH  helicopters,  with  the  secondary  objective  of 
determining  whether  the  system  could  be  adapted  for  use  on 
skld-equlpped  helicopters.  The  first  phase  of  the  program, 
the  concept  design  and  feasibility  Investigation  which  Is  the 
subject  of  this  report,  was  contracted  for  In  July  1976.  Ini- 
tially the  contractor.  Vehicle  Systems  Development  Corporation 
(VSDC),  was  tasked  to  develop  HCMS  design  concepts  which  could 
be  used.  Interchangeably,  on  both  of  the  two  competitive  de- 
signs for  the  UTTAS  helicopter  (the  YUH-60A  and  the  YUH-61A), 
and  for  the  AAH  helicopter  (the  YAH-63A  and  the  YAH-64A).  This 
Involved  Incorporating  provisions  In  all  candidate  HOMS  con- 
cepts for  rapid  configuration  changes  to  adapt  the  systesw  to 
use  on  nosewheel  and  tallwheel  landing  gear  layeuta.  However, 
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with  the  study  approximately  two-thirds  complete.  In  December 
1976,  the  Army  announced  Its  selection  of  the  UH-60A  (formerly 
the  YUH-60A)  as  the  winner  of  the  UTTAS  competition,  and 
shortly  thereafter  selected  the  YAH-64  as  the  winner  of  the 
AAH  competition.  This  action  on  the  part  of  the  Army  took 
place  shortly  after  USAAMPUDL,  and  representatives  of  other 
Army  agencies.  In  conjunction  with  VSDC  had  reviewed  the  candi- 
date HONS  concepts  and  had  selected  the  most  promising  HOMS  de- 
sign. 


While  the  selection  of  two  helicopter  models  having  a tail- 
wheel  landing  gear  layout  in  common  ultimately  simplified  the 
H(MS  design  task,  the  HOMS  concept  configurations  developed  up 
to  the  time  of  the  announcement  of  the  winners  of  the  AAH  and 
UTTAS  competition  had  to  be  modified  to  delete  provisions  for 
the  accommodation  of  the  unsuccessful  helicopter  candidates 
with  their  nosewheel  landing  gear  layouts.  Additionally,  as 
the  design  analysis  and  Investigation  progressed,  a determina- 
tion was  made  that  the  basic  HOMS  could  be  adapted  to  use  on 
the  Army's  current  Inventory,  skld-equlpped  helicopters  and  the 
contract  was  modified  to  expand  the  scope  of  work  to  Include 
the  concept  design  of  a skld-equlpped  helicopter  adapter. 


The  HCMS  concept  design  and  feasibility  Investigation  was  or- 
ganised as  a three- step  effort,  with  the  first  task  covering 
concept  formulation.  Including  the  development  of  preliminary 
concepts  and  a definition  of  criteria,  followed  by  a concept 
evaluation  and  selection  task,  and  concluding  with  a task  de- 
voted to  preparation  of  dealgn  layouts  for  the  selected  HOMS 
concept  and  the  development  of  a specification  defining  the 
system.  U8AAMRDL  will  use  the  HOMS  engineering  data  package 
as  the  basis  for  procurement  of  HCMS  prototypes,  which  will  be  i 

the  second  phase  In  the  overall  development  program. 
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2.  CONCEPT  DESCRIPTIONS 

2.1  GENERAL  CONSIDERATIONS 


Basically,  the  approach  used  In  developing  the  conceptual  HOMS 
designs  Involved  Investigation  of  specific  mission  requirements 
and  the  expected  operating  environments,  and  an  analysis  of 
equipment  transportability  parameters.  This  relatively  brief 
activity  was  followed  by  the  preliminary  conception  of  a number 
of  possible  HOMS  configurations  and  the  definition  of  system 
criteria  and  constraints.  This  activity  resulted  In  the  devel- 
opment of  some  30  Individual  HGMS  candidate  designs.  Including 
the  alternate  configurations  for  several  of  the  basic  designs. 

A procedure  was  then  developed  to  accomplish  a preliminary 
screening  of  the  HGMS  candidates  and  to  select  the  most  promis- 
ing concepts  for  further  development.  Essentially  a three-step 
operation,  this  Involved  a first  examination  of  the  candidate 
systems  to  eliminate  those  with  obvious  technical,  operational, 
or  cost  shortcoialngs,  followed  by  a more  detailed  evaluation  us- 
ing a matrix  of  parameters  such  as  weight,  payload,  and  ground 
pressure.  The  candidate  systems  surviving  these  two  screening 
steps  were  then  subjected  to  additional  design  efforts  to 
achieve  a more  complete  definition  of  functional,  physical,  and 
cost  characteristics  so  that  comparison  profile  charts  could  be 
conatrueted  for  each  and  used  as  a basis  for  final  selection 
action. 

Of  the  criteria  applied  to  the  HCMS  candidates,  perhaps  the  most 
critical  related  to  mobility.  With  respect  to  the  requirement 
for  the  systems  to  auccessfully  negotiate  a 3 percent  grade  on 
soils  with  a Rating  Cone  Index  (RCI)  or  Cone  Index  (Cl)  as  low 
as  30,  they  must  poaaesa  a Vehicle  Cone  Index  (VCI)  sufficient- 
ly below  the  30  Index  figure  to  aaaure  grades bill ty  In  self- 
propelled  deelgna  and  to  aaaure  a low  enough  value  for  towed 
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motion  resistance  In  towed  designs  to  enable  movement  by  the 
types  of  vehicles  (prime  movers)  that  could  be  expected  to  be 
available  In  forward  laager  areas.  Also,  In  self-propelled 
HONS  designs,  the  systems  must  Incorporate  power  plants  and 
drive  systems  capable  of  producing  the  horsepower  and  torque 
needed,  at  maximum  gross  helicopter  weights,  to  overocme  the 
motion  and  grade  resistance  typically  encountered  In  the  speci- 
fied soil  conditions.  Basically,  20  to  30  horsepower  was  con- 
sidered adequate  to  provide  sufficient  reserves  to  achieve  both 
a 1 mph  speed  on  level  ground  In  soil  with  a Cl  of  50  and  a 3 
mph  speed  on  level  ground  In  soil  with  a Cl  of  123.  With  aux- 
iliary hlgh-flot^tlon  devices  attached  to  the  helicopter  main 
landing  gear,  or  with  auxiliary  wheels  with  high- flotation 
tires,  a maximum  tractive  effort  of  approximately  3*300  pounds 
was  considered  adequate  to  overcome  the  worst-case  combinations 
of  grade  and  motion  resistance  which  are  anticipated. 

2.2  HOMS  DESIOM  CONCEPTS 

As  set  forth  In  the  Statement  of  Work  of  Contract  DAAJ02-76-C- 
0037*  the  subject  concept  design  and  feasibility  analysis  con-, 
tract*  the  HCMS  candidate  designs  developed  In  the  concept 
formulation  phase  Included  self-propelled  and  towed  versions* 
designs  Incorporating  the  use  of  hlgh-flotatlon  tires  and 
tracks*  a design  for  a ground  propulsion  system  Integral  to 
the  helicopter*  self-propelled  versions  of  the  H(MS  utilising 
power  sources  Integral  to  the  helicopter,  and  various  advanced 
types  of  power  plants  Integral  to  the  HCBIS.  The  following 
pages  contain  Illustrations  and  descriptive  Mtarlal  on  each 
of  the  HCMS  candidate  designs  which  were  Investigated.  In 
several  Instances,  the  concepts  which  are  presented  are  repre- 
sentative of  a fasdly  of  designs,  slsdlar  but  varying  In  one 
or  more  configurational  details. 
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For  example,  while  only  one  track- laying,  platform-type  car- 
rier la  shown.  It  Is  representative  of  three  different  types. 
And  the  one  wheeled,  articulated,  nosewheel/tallwheel  prime 
mover  Is  representative  of  12  different  types.  In  total,  the 
contractor,  VSDC,  developed  and  Investigated  some  30  Individ- 
ual HOMS  designs.  Supporting  technical  data  was  generated  for 
each  design  so  that  the  engineering  team  conducting  the  program 
could  make  comparisons  of  the  operational  potential  of  each 
HOMS. 
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Figure  1.  Concept  1 - Auxiliary  VRieel  Frame 

Of  U-shaped  planform  as  shown  In  Figure  1,  HGMS  Concept  1 In- 
cludes two  hlgh-flotatlon  tires  which  offload  the  helicopter 
landing  gear  by  approximately  6o  percent.  In  addition  to  weight 
transfer,  this  concept  employs  a split  drive  from  the  N561, 
1-1/4-ton  prime  mover  to  power  the  flotation  wheels.  Auxiliary, 
cuff-type  flotation  wheels  are  also  fitted  to  the  trailing  tall 
wheel  of  the  helicopter. 

Concept  1 would  be  applicable  to  the  Sikorsky  UH-60A  UTTAS  and 
I Hughes  YAH-64  AAH  helicopters.  While  the  U-shaped  frame  could 

I accommodate  other  {xayloads.  Its  use  would  be  limited  to  the 

I leading  element  of  the  M361  1-1/4-ton  truck  If  the  benefits  of 

I powering  the  flotation  wheels  are  to  be  gained. 
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A tMln,  extendable  boom  layout.  Concept  2,  was  configured  to 
move  the  yAH-63  and  YAH-64  AAH  as  well  as  the  YUH-60A  and 
YUH-6IA  UTTAS  candidates.  A VH4D,  30  hp  Teledyne  Wisconsin 
engine  coupled  to  a pair  of  Commercial  Shearing  hydraulic 
pumps  and  motors  completes  the  drive  system.  Hydraulic  power 
Is  also  employed  for  yaw-type  articulated  steering  and  boom 
extension  and  retraction. 

The  helicopter  nose/tall  and  main  landing  gear  are  carried  on 
wheel  pads  that  are  an  Integral  element  of  the  assembly.  The 
wheel  pads  are  lowered  to  ground  level  to  facilitate  loading 
by  means  of  jacks.  As  can  be  seen  In  Figure  2,  the  Concept  2 
HOMS  can  accommodate  a wide  range  of  helicopter  wheelbase  and 
main  landing  gear  tread  arrangements. 
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Figure  3.  Concept  3 - Fixed  Frame  Transporter 


A relatively  simple  towed  carrier,  this  design  was  configured 
for  moving  the  YAH-63  and  YUH-61A  helicopters  with  tricycle 
landing  gear  layouts. 


For  loading,  the  tralllng-amv/walklng-beam  suspension  elements 
are  unlocked  and  the  treadways  lowered  to  ground  level  to  form 
ramps  for  the  helicopter  landing  gear.  An  electric  winch  us- 
ing the  24-volt  prime  mover  electrical  system  Is  then  employed 
to  winch  the  helicopter  on  the  carrier.  Jacks  on  the  frame  are 
then  employed  to  raise  the  carrier  to  the  travel  position,  at 
which  time  the  suspension  locks  are  engaged.  Helicopter  un- 
loading is  the  reverse  of  the  loading  process. 


Suitable  prime  movers  include  the  M561  l-l/4-ton  truck 
K880  series  1-1/4-ton  truck,  and  the  M37  3/4-ton  truck 


Figure  4.  Concept  4 - Tracked  Transporter  Frame 


A track-laying  configuration  with  differential  steering.  Con- 
cept 4 utilizes  air  motors  and  helicopter  bleed  air  for  pro- 
pulsion. Control  of  the  mover  on  the  ground  is  accomplished 
by  the  helicopter  pilot  from  his  flight  station  with  the  aid 
of  an  auxillairy  Joystick  for  speed  and  diz*ectlon.  A Briggs 
and  Stratton  engine  with  a generator/storage  battery  unit  is 
fitted  to  the  carrier  for  the  operation  of  the  winch  and  any 
local  ground  movement  (spotting)  without  the  helicopter  pay- 
load.  The  small  power  unit  is  also  utilized  to  raise  and  low- 
er the  carrier. 

While  Concept  4 could  be  configured  to  accommodate  both  con- 
ventional and  tricycle-gear  layouts,  as  a practical  considera- 
tion, preliminary  design  effort  was  limited  to  tricycle-gear 
type  designs.  It  is  representative  of  several  tracked  carrier 


designs. 


An  additional  possibility  with  Concept  4 Is  the  opportunity 
for  Incorporating  a wireless,  hand-held  remote  controller  In 
the  helicopter.  The  controller  would  provide  for  HGMS  engine 
starting,  speed,  steering,  forward  and  reverse  controls,  and 
engine  shutdown. 

With  this  concept,  the  helicopter  could  takeoff  and  land  di- 
rectly on  the  HOMS.  This  feature.  In  combination  with  the 
remote  controller  In  the  helicopter,  would  permit  an  unmanned 
H(MS  to  be  "called"  from  a secure  area  by  the  hovering  heli- 
copter crew.  On  takeoff,  the  helicopter  crew  would  command 
the  return  of  the  HOMS  to  a tree  line  or  other  secure  area. 


I 
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Figure  5.  Concept  5 - Tracked  Straddle-Lift  Carrier 

A full-tracked,  straddle-lift  mover.  Concept  5 Is  capable  of 
moving  all  of  the  UTTAS  and  AAH  candidates  as  well  as  AH-1, 
UH-1,  and  OH-58A  skid-type  helicopters. 

In  addition  to  the  HGMS  mission.  Concept  5 could  be  utilized 
for  damaged  or  disabled  helicopter  recovery  and  transport. 
Endless  band  Military  Standard  (T125)  tracks,  engine  (MI51), 
transsdsslon  (MI5I),  and  developmental-  Military  Standard 
(Bowen)  cross-drive  steer  unit  complete  the  layout. 

Lateral  positioning  and  restricted  fore  and  aft  movement  of 
the  helicopter  Is  accomplished  by  means  of  secondary  retention 
straps. 
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Figure  6.  Concept  6 - Tandem  Cradle-Lift  Carriers 

This  HOMS  design  concept  consists  of  two  cradle-lift  elements 
with  walking  beams  and  tandem  low-profile  Goodyear  Terra-Tires 

(23  X 8.5-12). 

The  cradle  assemblies  are  configured  for  attachment  to  the 
helicopter  hard  (jack)  points  and  Incorporate  a spreader  de- 
vice to  accommodate  variations  In  helicopter  fuselage  widths. 
The  lead  cradle  assembly  Is  part  of  a two-wheel  (wagon  steer) 
power  element  that  Incorporates  a Kohler  K5825  23  hp  engine, 
Vickers  hydraulic  pump/motor,  and  Dana  Spicer  drive  axle  with 
AUSCO  disc  brakes  for  differential  steering. 
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Figure  7.  Concept  7 - Expanding  Frame  Transporter 

This  HCMS  concept  Is  capable  of  transporting  all  of  the  AAH/ 
UTTAS  helicopter  candidates  by  means  of  an  extendable  frame 
for  variations  In  landing  gear  wheelbase  and  tread.  The  wheel- 
base requirements  of  the  conventional-gear  (tall  wheel)  AAH  and 
UTTAS  candidates,  however,  would  make  the  approach  marginally 
acceptable.  For  example,  the  breakover  angle  of  the  frame  In 
the  fully  extended  configuration  would  preclude  operation  In 
undulating  terrain,  and  even  a modest  obstacle  or  ditch  could 
not  be  negotiated  with  any  degree  of  confidence. 

A four-wheel,  all-wheel-drive  power  element  with  Ackermann- 
type  steering  Is  employed  as  the  Integral  prime  mover.  A two- 
cylinder  Onan  CCKB  (vehicle)  engine  In  combination  with  a Char- 
Lynn  (Eaton)  pump  and  motors  constitute  the  power  train.  When 
operated  separately  from  the  carrier  frame  assembly,  the  lead 
or  power  element  with  its  elevatable  fifth  wheel  can  be  adapted 
for  ordnance  loading,  helicopter  Jacking,  and  forklift  tasks. 
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Th«  lead  or  power  element  Is  an  Integral  part  of  this  HOMS  de- 
sign and  Incorporates  an  articulation  joint  (which  operates  In 
roll  and  yaw).  A single,  double-acting  ram  Is  employed  for  the 
yaw  ateerlng  function.  An  AVCO  Lycoming  W-44D  (diesel)  engine 
and  Abex-Denlaon  vane-type  pump  and  motor  combination  are  util- 
ized for  propulsion,  power  steering,  sling  tensioning,  and  oper 
atlon  of  winch.  The  latter  two  functions,  sling  tensioning  and 
winching,  could  alao  be  accomplished  with  electric  motors. 


Figure  8.  Concept  8 - Sling  Band  Transporter 


This  self-powered,  sllng-type  mover  Is  designed  with  two 
"belly"  bands  for  lifting  helicopters  of  different  configura- 
tion. Tension  (lift)  In  the  bands  Is  obtained  by  means  of 
powered  rollers.  The  roller  mountings  are  capable  of  being 
positioned  fore  and  aft  on  the  frame  rails  to  accommodate  vari- 
ations In  helicopter  layout. 


Figure  9.  Concept  9A  - Articulated  Load-Transfer  Mover 

This  self-propelled  HOMS  design  Is  directed  at  utilizing  heli- 
copter weight  to  meet  the  tractive  effort  requirement  to  move 
a 13,000  - 18,000  poimd  payload.  The  configuration  Is  based 
on  the  transfer  of  helicopter  weight  from  the  nose  or  tall 
wheel  to  the  mover. 

With  this  design,  a wraparound,  hlgh-flotatlon  track  Is  secured 
to  each  helicopter  main  landing  gear  wheel  assembly.  The  addi- 
tional contact  area  of  the  track  facilitates  the  movement  of 
the  helicopter  over  soft  soil,  and  provides  for  a significant 
reduction  in  bulldozing  resistance  with  an  attendant  reduction 
In  drawbar  pull  for  a given  soil  condition. 

The  flotation  wheels  and  tires  are  mounted  on  trailing  ansa 
which  are  used  to  raise  and  lower  the  helicopter  wheel  carrier. 
An  Interesting  feature  of  the  concept  Is  the  dual-function 
crank  and  shift  mechanism.  In  actual  operation,  the  H(HIS  Is 
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positioned  at  either  the  helicopter  nose  gear  or  tall  wheel, 
the  three>posltlon  mechanical  shift  lever  Is  then  moved  to  the 
"ralse/lower"  detent,  and  the  hand  crank  rotated  until  the 
wheel  carrier  pan  Is  In  contact  with  the  ground.  At  this  point 
the  lever  Is  shifted  to  the  "winch”  detent  and,  with  the  winch 
bridle  attached  to  the  helicopter  landing  gear,  the  helicopter 
(nose  or  tall  wheel)  Is  winched  on  to  the  carrier  pan.  The 
control  lever  Is  then  moved  back  to  the  "ralse/lower"  position, 
and  the  hand  crank  Is  rotated  until  the  helicopter  Is  raised 
to  the  "travel/lock"  position. 

The  helicopter  wheel  carrier  pan  underside  Is  designed  with 
spades  to  minimize  the  problem  of  HCMS  movement  during  the 
loading  phase. 

A single,  swivel-type  drive  wheel,  power  pack  (Military  Stand- 
ard A042  engine),  and  TOHQMOTOR  (T.R.W.  Ross  Gear)  driving  a 
sprocket/roller  chain  final  drive,  are  arranged  as  an  Integral 
package.  A simple,  foldable  hand  control  unit  Incorporating 
throttle,  braking,  and  start/stop  switch  permits  the  crew 
member  to  "walk"  the  helicopter  In  either  a forward  or  reverse 
direction. 
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Figure  10.  Concept  9B  - Articulated  Load-Transfer  Mover 

Similar  In  layout  and  function  to  Concept  9A,  Concept  9B  In- 
corporates Military  Standard  2A042,  l8  hp  engine,  Sundstrand 
hydrostatic  drive  (pximp  and  motor),  Dana  Spicer  differential, 
and  roller  chain  final  drive  which  Is  contained  In  each  of  the 
rear  element  trailing  arms. 

Ausco  disc  brakes  are  fitted  to  the  axle  shafts  and  the  two- 
posltlon  (load  and  transport)  hydraulic  rams  raise  and  lower 
the  helicopter  wheel  carrier  by  Imposing  a rotational  force  on 
the  trailing  arms.  In  contrast  to  Concept  9A,  all  functions. 
Including  winching,  are  accomplished  hydraulically  by  means  of 
a power  takeoff  from  the  propulsion  drive  system. 

All  control  functions  for  the  Concept  9B  HOMS  are  contained  In 
the  foldable  handlebar  at  the  walking  crew  station.  The  HOMS 
can  be  operated  In  either  direction  (forward  or  reverse)  with 
eqvial  facility. 


A a. 
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Figure  11.  Concept  10  - Pivoting  Frame  Load-Transfer  Mover 

This  pivoting  frame  HOMS  design  is  configured  to  lift  either 
the  helicopter  nose  wheel  or  tall  wheel  to  realize  a weight 
transfer  for  the  development  of  tractive  effort. 


f 4- 


The  long  trailing  arms,  which  are  pivoted  at  the  vertical  cen- 
ter-line of  the  leading  axle,  contain  the  hydraulic  lines  for 
the  rearwheel  Char-Lynn  (Eaton)  drive  motors.  Frame  pivoting 
Is  accomplished  with  two  vertical  hydraulic  Jacks  located  l8 
Inches  forward  of  the  lead  element  (Ackermann-type  steering) 
axle.  Control  of  front  axle  steering  Is  achieved  by  the  later- 
al displacement  of  the  control  stick. 

A fork-type,  hydraulically  activated  and  mechanically  lockable, 
carrier  engages  the  helicopter  axle  spindle  (tow-bar)  fitting 
to  lift  the  helicopter  clear  of  the  surface.  Lightweight  flo- 
tation tracks  are  secured  to  the  main  gear  wheels  of  the  heli- 
copter during  BMvement.  This  HCMS  concept  employs  an  Onan  CCKB 
engine  to  power  the  Char-Lynn  hydrostatic  drive  system. 
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Figure  12.  Concept  11  - Two-Element  Load-Transfer  Mover 


This  series  of  HOMS  concepts  Is  derived  from  the  TEAMS  air- 
craft oiover  design  developed  by  Robert  Forsyth  In  December 
1962.  The  original  TEAMS  (two-element,  articulated,  aircraft 
mover  system)  was  px*edloated  on  the  transfer  and  use  of  a 


portion  of  aircraft  weight  as  ballast  on  the  mover  driving 
wheels. 

While  each  of  the  mover  concepts  depicted  Is  of  the  same  gen- 
eral arrangement,  they  differ  In  terms  of  components,  mater- 
ials, and  detail.  Either  differential  (yaw)  steering  or 
articulated  (yaw)  power  steering  Is  employed.  Either  wide- 
base,  low-profile  conventional  off-the-road  tires  or  Goodyear 
Terra-Tires  are  employed.  Each  design  employs  an  air-cooled 
gasoline  engine  In  combination  with  a hydrostatic  drive. 

Weights  range  from  l800  pounds  to  2330  pounds  and  are  dependent 
on  the  engine  and  drive  train  components,  and  the  use  of  either 
steel  or  aluminum  construction. 
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This  design  Is  based  on  the  Idea  of  lifting  only  the  main  land- 
ing gear  of  the  helicopter  to  offload  the  wheels  and  to  spread 
the  weight  borne  by  each  main  landing  gear  assembly  out  over 
the  larger  footprint  provided  by  the  four  flotation  tires  of 
an  auxiliary  propulsion  device.  This  device  Incorporates  a 
light,  air-cooled  engine  of  20  hp  producing  Input  power  for  a 
hydrostatic  drive  that  propels  two  driving  wheels  mounted  on  a 
steering  post.  The  leading,  caatered  wheels  support  two  hy- 
draulically actuated  arms. 

Two  of  the  devices  would  be  used  to  move  a helicopter.  The 
helicopter's  main  landing  gear  would  be  engaged  from  the  side, 
and  the  landing  gear  wheels  would  be  lifted  for  partial  off- 
loading by  the  parallel  anas  acting  like  a forklift.  The  walk- 
ing operator  on  each  aide  of  the  helicopter  would  steer  the 
driving  wheels  for  forward  or  rearward  movement  and  apply  power. 
The  oaatered  wheels,  supporting  the  major  portion  of  the  heli- 
copter's weight,  would  orient  themselves  to  the  direction  of 
travel  as  the  devices  started  to  move  the  helicopter. 
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In  combination  with  wraparound  flotation  tracks  and  a towbar 
with  flotation  wheels,  this  HGMS  concept  Is  capable  of  moving 
all  of  the  UTTAS  and  AAH  wheeled  helicopter  candidates.  The 
towbar,  when  fitted  with  a skld-equlpped  helicopter  adapter  is 
capable  of  moving  the  skid-type  UH-1,  AH-1,  OH-58A,  and  0H-6A 
helicopters. 

The  four-wheel,  all-wheel-drive  prime  mover  has  been  concepted 
In  both  aluminum  and  steel.  Either  a Teledyne  Wisconsin  VH4D 
or  Military  Standard  4A084  (diesel  developmental  or  gasoline) 
engine  Is  utilized  In  conjunction  with  a Sundstrand  hydro- 
static drive.  By  operating  the  drive  motors  In  opposite  dlrec 
tlons,  the  prime  mover  Is  capable  of  plvot-ln-place  turns. 

As  depicted  In  Figure  l4,  the  prime  mover  Is  fitted  with  stow- 
age provisions  for  the  towbar,  and,  with  the  two-posltlon  ROP 
bar  folded.  It  can  be  transported  Internally  In  both  UTTAS 
helicopter  candidates. 

To  facilitate  transport  of  the  HOMS  by  air,  the  prime  mover 
Incorporates  a completely  enclosed  ballast  tray  with  five  rub- 
berized fabric  cells  for  containment  of  Indigenous  ballast 
(for  example,  sand,  dirt,  rocks).  The  tray  Is  located  on  the 
underside  of  the  HOMS  for  convenience  In  loading  and  unloading 
and  for  optimum  stability.  In  addition,  the  tires  are  capable 
of  containing  90  to  120  povinds  of  calcium  chloride  If  required 
for  additional  ballast. 


The  basic  H(MS  prime  mover  can  be  fitted  with  a dozer  blade, 
forklift  attachment,  ordnance  loader,  or  could  be  employed  as 
a general-purpose  towing  tractor  In  Army  aviation  units. 
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The  HOMS  tire  profile  (section)  Is  Identical  to  the  8.5  x 10 
helicopter  main  landing  gear  tire  which  pemlts  the  use  of  the 
flotation  tracks  on  the  prime  mover.  The  additional  track 
length  required  Is  obtained  by  adding  links.  The  Incorpora- 
tion of  an  Increased  capacity  alternator  and  air  compressor 
pejrmlts  the  use  of  the  HOMS  prime  mover  as  a power  source  for 
hand  tools,  lighting,  tire  Inflation,  and  miscellaneous  main- 
tenance tasks. 


Figure  15.  Concept  l4  - Wheel  Propulsion  System 

Typical  of  several  self-powered  HGMS  concepts,  this  design 
employs  a pair  of  air-turbine  motors,  driving  flexible  shafts, 
which  are  coupled  to  wheel-mounted,  cuff- type  reduction  gears. 
As  with  the  previously  described  HGMS  concepts,  helicopter 
flotation  is  achieved  by  wraparound  tracks. 

Air  for  the  air-turbine  motor  drive  system  is  obtained  from 
the  helicopter  APU.  Directional  control  of  the  helicopter  on 
the  ground  is  accomplished  with  the  antitorque  (rudder)  pedals, 
and  speed  la  regulated  by  a hand  throttle  in  the  cockpit. 

Either  a hydrostatic  drive  or  electric  drive  system  could  be 
substituted  for  the  concept  depicted. 


38 


Concept  15  - Air-Cushion  Mover  System 


Depicted  in  Figure  l6  moving  the  Sikorsky  UH-60A  UTTAS  heli- 
copter, this  air-cushion  HGMS  concept  incorporates  a number  of 
novel  features.  The  design  has  a modular  layout,  for  example, 
with  each  alr/llft  cell  configured  dimensionally  to  permit 
transport  as  an  internal  UTTAS  load.  This  HOMS  concept  could 
accommodate  both  AAH  and  UTTAS  competitors. 


To  facilitate  tracking  and  provide  for  positive  directional 
control,  the  air-cushion  HOMS  employs  a pair  of  differentially 
driven  loM-pressure  rollers.  The  pneumatic  rollers  are  bolted 
to  a laterally  disposed  box-beam  which  is  the  basic  structural 
member  of  the  assembly.  The  helicopter  main  landing  gear  is 
accommodated  in  treadways,  the  sides  of  which  are  the  principal 
lengthwise  structural  members. 


For  helicopter  loading  and  unloading,  the  air  cushion  Is  evacu 
a ted  and  the  treadways  form  Inclined  ramps.  With  the  helicop- 
ter secured  by  means  of  the  landing  gear  stznit  tiedown  rings. 


the  air  cells  are  Inflated  and  the  helicopter  Is  ready  to  be 
moved. 

The  skirted  plenum  chambers  of  the  alr-cushlon  HOMS  receive 
air  from  a centrifugal  fan  via  flexible  ducting.  The  fan, 
engine,  and  fuel  supply  are  a completely  self-contained  pack- 
age and  can  be  located  In  the  helicopter  as  depicted  or  mount- 
ed on  a weapon  pylon  on  the  attack  helicopters. 

The  power  and  differential  steering  functions  of  the  pneumatic 
rollers  are  controlled  from  on  board  the  helicopter.  Power 
transmission  to  the  rollers  Is  obtained  by  two  flexible-shaft 
reduction  gear  assemblies. 


3.  HOMS  CONCEPT  SCREENINQ  AND  EVALUATION 

3.1  PRELIMINARY  SCREENINQ 


As  noted  previously,  the  screening  of  the  HOMS  candidate  de- 
signs Involved  three  steps.  Including:  An  Initial  ellsdnatlon 
based  on  obvious  technical,  operational,  or  coat  problems;  a 
second,  more  detailed  evaluation  employing  a matrix  to  assess 
parameters  such  as  payload,  weight,  and  gx*ound  pressure;  and 
the  final  selection  of  a concept  for  further  developaient  based 
on  a comparison  of  the  physical,  functional,  and  cost  charac- 
teristics of  the  designs  surviving  the  first  and  second  evalu- 
ations. 

The  HOMS  candidate  designs  eliminated  In  the  first  step  of  the 
screening  process  Included  the  following: 

Concept  3 - ^Kneeling"  Wheeled  Carrier  Frame 

A towed  H(MS,  this  concept  has  an  estimated  weight  of  7,500  lb, 
which,  with  the  eight  hlgh-f lota t Ion  tires,  and  an  assumed  high 
weight  for  the  typical  helicopter  of  16,000  lb,  would  result  In 
grotind  Pleasure  of  approximately  24  psl,  providing  mobility  ad- 
equate to  meet  the  stated  performance  requirement.  However, 
the  physical  size  of  the  system  would  cause  air  transportabil- 
ity problems,  acquisition  and  maintenance  costs  would  be  rela- 
tively high.  Its  use  In  the  field  would  result  In  relatively 
long  turnaround  times  (for  example,  winching  the  helicopter  on- 
to and  off  of  the  frame),  and  Its  use  would  require  the  avail- 
ability of  a separate  prime  mover  In  the  laager  area. 

Concept  4 - Track-Laying  Platform-Type  Carrier 

Three  of  the  Individual  HOMS  designs  fall  generally  Into  a 
type  of  track-laying  carrier  Incorporating  a wheeled  forward 
portion  with  a T-shaped  or  triangular-shaped  platform  to  pro- 
vide a supporting  base  for  carriage  of  the  helicopter.  The 
track  assemblies  are  mounted  to  the  rear  of  the  platform,  under 
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the  area  of  major  concentration  of  helicopter  weight.  The 
relatively  large  contact  area  of  the  tracks  would  give  a 
ground  pressure  of  approximately  l6  psl  which  would  result  In 
excellent  mobility  In  the  specified  soil  conditions.  The 
shortcomings  of  the  concept,  on  the  other  hand.  Including  high 
cost,  a lack  of  air  transportability,  and  excessive  load/unload 
times,  outweigh  the  mobility  advantage. 

Concept  5 - Straddle-Lift  Carrier 

This  straddle-lift,  track-laying,  helicopter  movement  system, 
constructed  of  high-strength,  lightweight  materials  would  have 
an  estimated  weight  of  10,500  lb  which,  when  related  to  the 
typical  helicopter  gross  weight  and  the  contact  area  of  the 
tracks,  would  provide  a low  ground  pressure  of  10  psl.  How- 
ever, the  obvious  complexity  and  cost  of  the  system,  combined 
with  a need  for  a high  level  of  operator  skill  and  obvious  defi- 
ciencies from  the  standpoint  of  air  transportability,  are  not 
entirely  compensated  for  by  mobility  advantages  and  the  poten- 
tial for  relatively  short  turnaround  times  for  helicopter  ground 
movement. 

Concept  7 - Telescoping  Twin-Boom  Carrier 

A self-propelled  system,  this  HOMS  design  has  a calculated 
empty  weight  of  8,500  lb  and  an  approximate  ground  pressure  of 
21  psl  with  a helicopter  on  the  carrier.  As  with  the  other 
concepts  that  were  eliminated  from  additional  development,  this 
twin-boom,  telescoping,  wheeled  carrier  would  be  difficult  to 
transport  by  air,  would  require  relatively  long  periods  of  time 
to  load  and  unload  hellc^opters,  and  would  be  complex  to  manu- 
facture and  maintain.  |t  would  also  have  a relatively  high 
acquisition  and  life-cycle  cost. 


*•  V . . 
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Concept  8 - Wheeled  Sling-Type  Carrier 

This  self-propelled,  sllng-type  helicopter  transporter,  with  a 
running  gear  carrying  eight  hlgh-flotatlon  tires  on  the  cradle 
assembly,  would  have  a grovind  pressure  of  approximately  26  psl 
based  on  an  estimated  gross  weight  of  25,500  lb  for  the  trans- 
porter with  a helicopter  on  board.  The  drawbacks  of  this  de- 
sign Include  a high  potential  for  helicopter  damage  If  the 
system  Is  deployed  In  the  field,  and,  while  It  would  possess 
adequate  mobility  for  the  selected  soil  conditions.  It  would 
be  costly  to  develop  and  produce  and  difficult  to  maintain  In 
the  field.  Additionally,  It  could  not  be  transported  by  any 
of  the  aircraft  expected  to  be  found  with  Army  aviation  units. 

Concept  12  - Auxiliary  Wheel  System 

This  concept  relies  on  the  combined  ground  contact  area  of  the 
HOMS  high  flotation  tires  and  the  helicopter  main  landing  gear 
to  provide  a ground  pressure  of  approximately  38  psl,  assuming 
a system  weight  (two  devices)  of  2,000  lb  and  a gross  weight  of 
l6,000  lb  for  the  typical  helicopter.  While  It  could  obviously 
be  adapted  for  quick  engagement,  this  concept  would  be  diffi- 
cult to  employ  because  of  the  coordination  problems  between 
I operators  on  each  side  of  the  helicopter,  and  It  would  provide 

I only  a moderate  Increase  In  helicopter  mobility.  Consequently, 

despite  weight  and  size  advantages,  the  concept  was  not  sub- 
jected to  further  development. 

The  foregoing  elimination  of  concepts  In  the  Initial  screening 
process  was  accomplished  by  VSDC,  and  reported  to  and  concurred 
with,  by  USAAMRDL  and  the  representatives  of  other  Army  agen- 
cies In  the  concept  review  and  selection  meeting  held  at  the 
contractor's  facility  midway  through  the  program. 


'.'.V  • 
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3.2  MATRIX  ANALYSIS 

The  second  step  of  the  screening  process  Involved  the  develop- 
ment of  additional  data  on  the  concepts  surviving  the  first- 
cut  elimination  so  that  they  could  be  evaluated  by  a simple 
matrix  analysis.  The  parameters  examined,  as  shown  In  Figure 
17j  Included  mobility,  speed,  maneuverability,  gradeablllty, 
payload,  stability,  and  transportability  as  related  to  Con- 
cepts 1,  2,  6,  9 through  11,  and  13  through  15. 

|,  The  prediction  of  mobility  was  based  on  the  application  of 

equations  developed  by  the  U.S.  Army  Engineer  Waterways  Experl- 
t ment  Station  (USABHES).  These  equations,  covering  wheeled  and 

I i tracked,  self-propelled  and  towed  vehicles,  by  weighting  of 

^ i certain  vehicle  characteristics,  provide  a Mobility  Index  (MI) 

j figure  which  can  be  converted  to  a Vehicle  Cone  Index  (VCI) 

I so  that  comparisons  can  be  made  with  soli  conditions  defined 

by  a Cone  In^ex  (CI)  or  Rating  Cone  Index  (RCI)  to  determine 
the  expected  trafflcablllty.  The  VCI  values  calculated  for 
the  surviving  HGMS  concepts  are  presented  In  Table  1 and  dls- 
cussed  In  detail  In  Appendix  A. 
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Figure  17.  Matrix  Analysis 
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TABLE  1.  HOMS  CONCEPT  VEHICLE  CONE  INDEX  (VCIj^) 


HOMS 

Concept 

Calculated 

VCI2® 

1 

51 

2 

45 

6 

43 

9A 

23 

9B 

24 

10 

24 

11 

25 

13 

21 

14 

35 

15 

25 

\ci^  relates  to  soil  strength  required  for  a single  passage 
of  vehicle  over  terrain  as  opposed  to  the  (usually  higher) 
requirement  for  repeated  passages  (designated  VCI^q) . 

The  relatively  poor  mobility  of  Concept  1 results  from  the  fact 
that  even  though  they  are  driven,  there  are  only  two  wheels  car- 
rying flotation  tires  on  the  frame  and.  In  effect,  only  one 
axle.  Consequently,  with  the  gross  weight  of  the  combination 
of  the  helicopter,  the  frame  and  the  leading  element  of  the 
M361  truck,  there  Is  substantial  reason  to  expect  extensive 
slnkage  and  high  motion  resistance  In  the  specified  soil  with 
a Cl  of  50,  and  the  formula  analysis  to  determine  a mobility 
index  and  VCI^  confirms  this  expectation. 

Much  the  same  situation  applies  to  Concepts  2 and  6 where  the 
flotation  provided  la  not  sufficient  to  avoid  extensive  sink- 
age  and  motion  resistance.  With  regard  to  the  VCI2  of  each  of 
these  concepts,  45  and  43  respectively.  It  should  be  noted 
that,  while  the  ratings  are  below  a Cl  of  50,  the  spread  is 
inadequate  to  provide  sufficient  reserve  mobility  to  assure 
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successful  negotiation  of  the  specified  grades.  As  a result, 
the  accompanying  matrix  reflects  failures  of  the  concepts  on 
both  mobility  and  gradeablllty  Just  as  It  does  for  Concept  1. 
Concepts  9 (9A  and  9B  for  slightly  different  configurations  of 
the  same  basic  design)  and  10  were  rated  as  Inadequate  on 
mobility  and  gradeablllty  originally  In  the  matrix  analysis 
because  they  were  not  considered  In  combination  with  the  use 
j of  hlgh-f lota t Ion  tracks  on  the  main  landing  gear  of  the  UTTAS 

* and  AAH  helicopters.  The  Inclusion  of  this  factor  In  the  re- 

i 

t calculation  of  the  VCI^^  figures  for  these  concepts  resulted  In 

I a VCIj^  of  23  and  a VCI^^  of  24,  respectively,  which  are  Indica- 

tive of  satlsfactoiry  mobility  and  adequate  reserves  to  meet 
the  required  gradeablllty  In  the  expected  operating  environ- 
ment. 


Concepts  11  and  13,  with  a VCI^^  of  25  and  a VCI^^  of  21  respec- 
tively, require  no  discussion,  as  they  fully  meet  mobility  and 
gradeablllty  criteria.  Concept  14,  the  concept  In  which  the 
main  landing  gear  of  the  helicopter  Is  driven  by  a power  means 
Integral  to  the  helicopter,  on  the  other  hand.  Is  marginal. 

The  relatively  poor  VCIj^  of  35  reflects  the  fact  that,  even 
though  high- flotation  track  assemblies  are  attaehed  to  the 
driven  wheels  of  the  main  landing  gear,  the  unit  loading  of  the 
tracks  Is  high  and  therefore  slnkage  and  motion  resistance  can 
be  expected  to  be  extensive,  and  this  situation  Is  made  worse 
by  the  use  of  dlffez*entlal  track  speeds  for  steering.  Never- 
theless, the  concept  offers  other  advantages  such  as  transport- 
ability and  ease  of  control  which  Justify  satisfactory  ratings 
In  the  Mtrlx  on  the  assumption  that  further  development  could 
produce  some  Improvement  In  mobility  and  gradeablllty. 

Concept  15,  where  use  Is  made  of  an  air-cushion  device  to  par- 
tially offload  helicopter  weight  from  the  device's  running 
gear,  quite  naturally  has  a good  mobility  rating  on  level 
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ground  because  of  the  low  unit  loading  that  can  be  achieved. 
However,  the  resulting  loss  In  frictional  contact  with  the  ter- 
rain being  negotiated  would  cause  grade  performance  to  be  rela- 
tively poor  and  would  create  problems  In  maneuverability.  Con- 
sequently, the  matrix  shows  unsatisfactory  ratings  for  both 
these  parameters. 

Returning  to  Concepts  2 and  6 and  their  capabilities  to  meet 
matrix  parameters  or  criteria.  It  will  be  noted  that  both  have 
been  rated  unsatisfactory  on  stability.  This  Is  a consequence 
of  the  height  from  the  ground  of  the  center  of  gravity  of  the 
combination  of  the  helicopter  and  transporter,  which  Is  caused 
by  the  helicopter  being  taken  completely  out  of  ground  contact 
by  the  twin-boom  carrier  frame  and  the  cradle-lift  device  and 
raised  substantially  above  ground  level  to  assure  good  clear- 
ance. The  resultant  Instability  would,  of  course,  be  most 
apparent  and  troublesome  on  side  slopes. 

Both  Concepts  2 and  6,  additionally,  received  unsatisfactory 
ratings  on  maneuverability,  primarily  because  the  long  wheel- 
base of  each  would  prevent  a small  turning  radius  and  would 
also  present  difficulties  in  reverse  movements.  Concept  2 
also  received  an  unsatisfactory  rating  on  transportability  be- 
cause, despite  the  ability  to  extend  and  retract  the  boom  assem- 
blies and  to  draw  them  together  and  extend  them  directly  behind 
the  prime  siover,  it  would  not  be  practical  to  move  this  HONS 
by  air  with  any  of  the  aircraft  to  be  found  within  Ansy  avia- 
tion units. 

Summarising  the  results  of  the  matrix  analysis.  Concepts  1,  2, 

6,  and  15  ware  elisdnated  from  further  consideration  for  devel- 
opment as  viable  HONS  candidates. 
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3.3  COMPARISON  PROFILE  EVALUATION 

The  third  and  final  step  In  the  HGMS  candidate  screening  pro- 
cess Involved  the  preparation  of  comparison  profile  charts  on 
Concepts  9 (9A  and  9B  are  considered  as  one  basic  design),  10, 
11,  13,  and  l4.  This  Included  examination  of  an  expanded  list 
of  parameters  or  criteria  and  the  Introduction  of  system  cost 
as  a basic  factor  In  decision  making. 

The  charts  are  based  on  an  averaging  of  ratings  for  various 
concept  characteristics  to  establish  a baseline,  or  what  may 
be  termed  an  "average*  HGMS  that  all  the  concepts  may  be  evalu- 
ated against  to  determine  how  much  the  capabilities  of  each 
fall  above  or  below  average.  The  cost  line  Included  In  each 
comparison  profile  chart  reflects  the  estimated  life-cycle 
cost  of  the  HGMS  concept,  based  on  an  Initial  production  run 
of  500  units  and  an  expected  unit  life  of  8 years  In  normal 
service.  Examination  of  the  charts,  shown  In  Figures  18  - 22, 
In  addition  to  showing  the  percentage  by  which  the  rated  HGMS 
concept  exceeds  or  falls  below  average  In  capabilities  and 
features  also  Indicates  how  much  capability  can  be  obtained  for 
each  dollar  of  cost  or  Investment. 

As  may  be  seen  from  the  charts,  all  the  concepts  are  rated 
equal  or  average  for  three  characteristics:  speed,  stability, 
and  endurance/range,  llie  maximum  speeds  required  on  level 
ground,  1 mph  In  soils  with  a Cl  of  30  and  3 nph  In  soils  with 
a Cl  of  123*  assiunlng,  as  Is  the  case,  mobility  In  these  condi- 
tions, are  achievable  by  all  five  concepts.  Likewise,  since 
none  of  the  concepts,  when  In  use  with  the  helicopters.  In- 


volve any  substantial  upward  displacement  of  the  Integrated 
CO  (helicopter  and  HOMS  combined)  there  Is  no  significant 
change  from  the  longitudinal  and  lateral  stability  exhibited 
by  the  helicopters  alone.  Because  endurance/range  Is  a simple 
function  of  HCMS  fuel  capsolty  and  consumption,  and  similar 
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Figure  l8.  Concept  9 - Comparison  Profile  Chart 
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Pigux^  19.  Concept  10  - Comparison  Profile  Chart 
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Figure  20.  Concept  11  - Comparison  Profile  Chart 
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Figure  21.  Concept  13  - Comparison  Profile  Chart 
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Figure  22.  Concept  14  - Comparison  Profile  Chart 
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ratios  for  each  concept  may  be  readily  obtained  as  a function 
of  the  design  process,  they  can  be  made  equal  In  this  respect. 

As  has  been  discussed  before  In  connection  with  the  matrix 
analysis,  the  characteristics  of  mobility  and  gradeablllty  in 
the  specified  soil  conditions  are  directly  related.  First,  the 
ability  to  move  across  level  ground  must  be  satisfied,  as  Indi- 
cated by  a VCIj^  for  the  HGMS  which  Is  lower  than  the  soil's  Cl 
and,  second,  the  spread  between  the  HGMS  VCI^  and  the  soil's  Cl 
must  be  sufficient  to  assure  the  required  gradeablllty. 

I Concepts  9 (representative  of  Concepts  9A  and  9B),  10,  11  and 

13  offer  above  average  capability  on  both  counts,  with  Con- 
cept 13  exceeding  the  average  by  nearly  20  percent.  Because 
of  the  high  unit  loading  of  the  auxiliary  tracks  on  Concept  14, 
flotation  Is  marginal  and  slnkage  and  motion  resistance  would 
be  high,  resulting  In  substantially  below  average  mobility  and 
gradeablllty.  The  maneuverability  exhibited  by  Concepts  11, 

13»  and  14,  primarily  turning  and  reverse  operations.  Is  above 
average  and  approximately  equal.  However,  Concepts  9 and  10 
would  be  somewhat  limited  In  this  regard  because  of  the  type  of 
steering  employed  and  the  loading  on  the  steered  wheels.  Con- 
sequently, they  fall  below  average  on  this  characteristic. 

j 

In  examining  payload  capability.  It  Is  obvious  that  a basic 
design  conaldaratlon  for  all  five  H(MS  concepts  was  the  pro- 
vision of  enough  power  and  physical  capacity  to  accommodate  a 
helicopter  with  a l6, 000-lb  gross  weight.  Thus  all  the  surviv- 
ing HCMS  concepts  (9,  10,  11,  13*  and  14)  covered  In  the  com- 
parison profile  charts  are  eaulvalent  In  that  regard.  However, 
payload  capability  as  coa^pared  In  the  charts  also  Includes 
adaptability  to  other  functions  In  addition  to  moving  the  AAH 
and  UTTA8  hallcoptars.  This  adaptability  could  Include,  for 
example,  employing  the  HOMS  with  additional  accessory  equipment. 
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move  skld-equlpped  helicopters,  or  tow  other  Items  of  support 
equipment.  Concepts  9 and  10  are  limited  In  this  respect  and 
I fall  below  average  In  this  characteristic.  Concepts  11  and  13, 

i on  the  other  hand,  may  be  employed  to  move  skld-equlpped  heli- 

copters as  well  as  move  other  types  of  ground  support  equipment. 
Therefore,  they  are  both  rated  average  on  this  count. 


The  weight  of  the  HGMS  Is  an  Important  consideration  In  evalu- 
ating the  candidate  systems,  primarily  because  It  bears  di- 
rectly on  air  transportability.  As  with  such  parameters  as 
mobility,  speed,  and  gradeablllty,  the  ratings  on  the  compari- 
son profile  charts  were  arrived  at  on  a quantitative  basis. 

The  average  weight  for  the  five  concepts  In  final  considera- 
tion Is  2100  lb.  Ratiolng  the  transport  weight  of  each  candi- 
date against  this  figure  results  In  the  percentage  ratings 
above  and  below  the  optimum  weight  reflected  by  the  average 
baseline  on  the  charts.  As  may  be  expected.  Concepts  11  and 
13,  with  the  highest  weights,  are  less  than  optimum  concerning 
this  characteristic. 


Tractive  effort,  as  a candidate  system  rating  characteristic. 

Is  related  to  the  weight  of  the  system,  the  power-to-welght 
ratio,  and  the  mobility  rating  of  the  HGMS  concept.  Adequate 
power  without  sufficient  weight  on  the  driven  wheels  to  con- 
vert the  power  to  tractive  effort,  or  Insufficient  mobility  to 
avoid  soil  failure  before  full  tractive  effort  Is  developed 
made  It  necessary  to  evaluate  this  parameter  on  a flgure-of- 
merlt  basis  to  make  It  meaningful.  As  would  be  expected,  the 
heavier  systems  with  greater  power  and  above-average  mobility 
(Concepts  11  and  13)  provide  the  most  capability.  Concept  l4, 
while  It  possesses  adequate  power  and  weight  on  the  driven 
wheels  (the  helicopter’s  main  landing  gear  with  auxiliary 
tracks),  has  a lower  rating  because  of  relatively  poor  mobility. 
Concepts  9,  10,  and  l4,  with  relatively  low  weights,  are  also 
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power-limited  by  virtue  of  size  and  space  available  for  the 
power  plant.  Consequently,  when  the  gross  weight  of  the  com- 
bination of  the  HOMS  and  a l6, 000-lb  helicopter  Is  ratloed 
against  available  horsepower,  the  highest  ratings  are  again 
associated  with  the  heavier  systems  with  higher  output  power 
plants. 

While  the  attach/detach  time  for  all  five  candidate  systems  Is 
relatively  similar,  and  Concepts  9,  10,  and  13  are  above  aver- 
age on  this  characteristic.  Concepts  11  and  l4  fall  short  of 
the  average.  In  this  Judgemental  process  used  to  derive  fig- 
ures of  merit  for  this  characteristic,  on  Concept  11  considera- 
tion was  given  to  the  problem  of  using  the  system  with  the 
Bell  AAH  helicopter,  and  to  Concept  14  which  requires  a pre- 
cise fltup  of  close-tolerance  drive  components  for  attachment 
to  the  helicopter  main  landing-gear  wheels.  Similar  considera- 
tions affected  the  equivalent  ratings  for  Concepts  9,  10,  and 
11  on  the  average  baseline  for  adaptation  to  the  two  AAH  and 
UTTAS  helicopters,  and  the  above-average  rating  for  Concept  13 
where  a standard  towbar  accommodates  all  four  helicopters.  The 
below-average  rating  for  Concept  14  results  from  the  fact  that 
the  dissimilar  main  landing  gear  of  each  of  the  four  helicop- 
ters would  require  "customized"  adaptation  hardware  to  enable 
Installation  of  the  basic  drive  system.  This  would  mean  that 
each  HOMS  would  be  comprised  of  a number  of  functionally  dupli- 
cated parts. 

Air  transportability  Is,  of  course,  a function  of  physical 
size  and  weight.  Consequently,  the  smallest  and  lightest  con- 
cepts, 9 and  14,  achieved  above-average  ratings  on  this  para- 
meter and  Concepts  10,  11,  and  13,  progressively  heavier  and 
larger  systems,  received  below-average  ratings.  Considering 
the  logistic  Implications  of  each  of  the  five  candidate  sys- 
tems Involved  a Judgemental  process  to  derive  figures  of  merit. 
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with  Judgements  being  Influenced  by  such  factors  as  the  approx- 
mate  nvunbers  of  parts  and  major  components  used  In  each  system, 
the  compatibility  of  the  systems  with  existing  parts  stoclcage 
and  logistics  support,  and  an  evaluation  of  the  potential  for 
system  failures  and  the  need  for  repairs.  Concepts  9 and  l4 
were  rated  above-average  for  logistics  because  of  the  mechani- 
cal simplicity  of  the  former  and  the  compatibility  of  the  lat- 
ter with  existing  logistics  support  systems  for  aircraft. 

The  discussion  of  the  comparison  of  the  five  candidate  systems 
thus  far  has  been  limited  to  a review  of  the  relative  capabili- 
ties of  the  systems  and  their  physical  characteristics.  On 
this  basis  Concept  13  appeared  to  offer  the  greatest  overall 
advantage  In  capabilities  and  features,  and  Concept  l4  repre- 
sented a marginal  approach  to  satisfaction  of  the  HGMS  mission 
requirement.  However,  declslon-maklng  on  which  concept,  or 
concepts,  are.  In  fact,  the  most  promising  and  therefore  deserv- 
ing of  additional  development  must  also  Include  a consideration 
of  cost.  Obviously,  If  system  acquisition  cost  Is  so  high  that 
It  would  be  Infeasible  for  the  Army  to  procure  the  number  of 
systems  required  to  fully  support  Its  active  aviation  units, 
then,  regardless  of  how  superior  the  system's  capabilities  and 

ti 

features  may  be.  It  will  represent  an  unsatisfactory  approach 
to  the  requirement. 

To  Include  cost  In  the  subject  analysis  In  a meaningful  way. 

It  was  first  necessary  to  develop  estimates  of  the  total  or 
life-cycle  cost  of  each  different  candidate  system,  and  then 
provide  a means  to  evaluate  this  cost  In  terms  of  the  perform- 
ance and  features  It  would  buy.  Life-cycle  cost  per  unit  has 
been  first  estimated  by  determining  the  expected  development 
costs,  oslculstlng  the  expected  production  costs  on  the  basis 
of  a serial  production  run  of  300  units,  and  deteralnlng  main- 
tenance and  repair  costs  per  unit  over  an  8-year  service  life. 
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No  provision  has  been  Included  for  personnel  costs  because 
special  training  requirements  for  any  of  the  candidate  sys- 
tems would  be  minimal,  and  employment  of  the  systems  would 
not  require  exclusive  dedication  of  personnel  to  their  opera- 
tion. The  estimated  life-cycle  unit  costs  are  presented  In 
Table  2. 


TABLE  2.  ESTIMATED  LIFE-CYCLE  UNIT  COSTS 


Concept 

Development 

Costs® 

Production 

Cost 

Maintenance  Life- Cycle 

Cost  Unit  Cost 

9 

$216,820 

$13,136 

$394/yr  - 

8 yrs 

$16,700 

10 

233,320 

16,480 

494/yr  - 

8 yrs 

20,900 

11 

233,320 

16, 480 

494/yr  - 

8 yrs 

20,900 

13 

241,320 

18,912 

567/yr  - 

8 yrs 

23,900 

14 

244,820 

22,780 

683/yr  - 

8 yrs 

28,700 

^Development  costs  are  amortized  over  an  Initial  pro- 
duction quantity  of  500  vinlts. 

These  figures  Include  prorated  development  costs  ranging  from 
$216,820  to  $244,820,  Including  $94,000  of  HOMS  and  skid- 
equipped  helicopter  adapter  concept  development  wozSc. 


Concept  14  has  a high  cost  because  the  air  motor  or  turbine 
drive  system  involves  the  use  of  high-value  components  (quota- 
tions have  been  received  with  prototype  unit  costs  ranging 
from  $t(,800  to  $10,000  and  production  unit  costs  ranging  from 
$3«000  to  $5,000  In  quantities  of  600  to  1,000  units)  designed 
and  manufactured  to  aircraft  rather  than  automotive  standards 
as  are  the  components  for  the  other  candidate  systems.  The 
necessity  for  the  use  of  such  components  arises  from  the  fact 
that  certain  of  the  components  of  the  Integral  drive  system  be- 
come part  of  the  helicopter  aystem.  It  should  also  be  noted 
that  the  eatlmated  coats  for  the  Integral  drive  system  paclage 
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of  Concept  l4  do  not  Include  any  costs  that  would  be  asso- 
ciated with  the  modification  of  the  helicopters  necessary  to 
adapt  them  to  use  of  the  system.  For  example,  for  any  of  the 
four  helicopter  models  It  would  be  necessary  to  Install  addi- 
tional bleed-air  line  plumbing  from  the  APU  to  provide  a qulck- 
attach/detach  coupling  for  air  supply  to  each  of  the  motors. 
Obviously  these  costs  will  be  significant  and  should  logically 
be  applied  as  part  of  the  total  system  cost.  However,  there 
Is  no  reasonably  accurate  way  to  estimate  such  costs  at  this 
point  so  there  Is  no  reliable  means  by  which  they  can  be  taken 
Into  account. 

The  estimated  candidate  system  life-cycle  costs  were  averaged 
to  arrive  at  a baseline  system  cost.  This  Is  represented  on 
the  comparison  profile  charts  by  the  average  baseline.  The 
percentage  by  which  the  estimated  cost  of  each  system  Is  above 
or  below  the  average  cost  was  then  calculated  and  Included  in 
the  charts  as  the  "cost  line”.  This  line  may  be  used  In  con- 
junction with  the  percentage  ratings  of  system  capabilities 
and  features  to  evaluate  the  cost-benefit  aspects  of  the  con- 
cepts. For  example.  In  the  Concept  9 chart  (Figure  l8),  the 
cost  line  Is  approximately  24  percent  below  the  average  base- 
line, which  means  this  HOMS  candidate  has  an  expected  life- 
cycle  cost  24  percent  below  the  cost  of  the  average  HOMS  sys- 
tem. The  cost  line  Is  also  approximately  7 percent  below  the 
rating  for  tractive  effort  and  the  power-to-welght  ratio,  mean- 
ing that,  per  dollar  of  cost.  Concept  9 offers  7 percent  more 
capability  relative  to  these  two  parameters  than  the  average 
HCMS  system  does.  This  Is  true  despite  the  fact  that  on  a 
strict  comparison  basis  (concept  versus  concept).  Concepts  11, 
13,  and  14  possess  above-average  capabilities  on  these  para- 
BMtars.  It  should  also  be  noted  that  the  other  concepts,  for 
example.  Concept  11,  with  a cost  approximately  5 percent  below 
average,  offers  roughly  12  percent  greater  tractive  effort  and 
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possesses  a 23  percent  better  power- to-welght  ratio  than  the 
average  system  for  each  dollar  of  cost.  Consequently,  If  a 
choice  were  to  be  made  between  Concepts  9 and  11,  based  on 
these  two  parameters  alone,  the  selection  would  be  Concept  11 
because  It  not  only  offers  greater  performance  but  also,  de- 
spite a higher  life-cycle  cost.  It  provides  a significant  cost 
benefit  advantage. 

Analyzing  the  comparison  profile  charts  In  this  manner.  It  be- 
comes apparent  that  Concept  l4,  with  a life-cycle  cost  roughly 
30  percent  above  average  (not  Including  required  helicopter 
modifications)  and  mobility  and  gradeablllty  well  below  average, 
does  not  represent  a promising  approach  for  further  development. 
Likewise  Concepts  10  and  11,  while  offering  certain  cost  benefit 
advantages,  possess  only  average  capabilities  and  features  and 
therefore  represent  only  marginal  opportunities  for  additional 
development  efforts.  Concept  9,  on  the  other  hand,  with  an  esti- 
mated life-cycle  cost  approximately  24  percent  below  average, 
has  significant  cost  benefit  advantages  and  offers  somewhat  bet- 
ter than  average  capabilities  and  features.  Consequently,  Con- 
cept 9 possesses  the  attributes  which  Justify  further  develop- 
ment work.  While  Concept  13  does  not,  with  an  estimated  life- 
cycle cost  approximately  8 percent  higher  than  average,  offer 
cost  benefit  advantages  like  those  of  Concept  9,  It  Is  clearly 
superior  to  the  other  four  concepts  in  capabilities  and  features. 

3.4  CONCEPT  SELECTION 

Baaed  on  the  findings  of  the  three-step  screening  process  used 
to  select  the  most  promising  HOMS  concept,  and  the  extensive  ex- 
asiination  of  these  findings  in  the  concept  review  and  selection 
meeting  held  between  the  contractor,  USAAMUDL,  and  representa- 
tives of  USAAVSCON  and  the  U.  S.  Army  Transportation  School, 
midway  through  the  program.  It  was  determined  that  Concept  9 (a 
combination  of  the  best  features  of  Concepts  9A  and  9B)  offered 


the  greatest  operational  potential  and  the  most  advantageous 
cost  benefit  relationship.  Consequently,  USAAMROL  directed  the 
contractor  to  concentrate  all  final  design  activity  on  trans- 
lating this  concept  Into  a configuration  suitable  for  prototyp- 
ing. 

Additionally,  and  subsequent  to  this  decision  by  USAANRDL,  the 
contractor  and  USAAMRDL  made  a mutual  determination  that  the 
selected  HOMS  concept  could  be  effectively  employed  to  mobilize 
skld-equlpped  helicopters  on  the  ground  through  the  use  of  an 
adapter  device  providing  auxiliary  flotation  for  such  heli- 
copters. To  Implement  this  determination,  the  subject  contract 
was  modified  to  Include  the  task  of  preparing  a preliminary  de- 
sign for  the  skld-equlpped  helicopter  adapter. 

An  Interesting  aspect  of  the  selected  H(»(S  concept  Is  Its  gen- 
eric relationship  to  a design  for  a civil  transport  aircraft 
ground  movement  system  developed  In  1962.  As  can  be  seen  from 
Figure  23*  the  TEAMS  concept  was  a two-element  articulated  trac 
tor  with  the  rear  element  functioning  as  a load  platform.  The 
design  was  baaed  on  the  Idea  of  transferring  aircraft  weight 
borne  by  the  nose  landing  gear  to  the  tractor  to  Increase  Its 
capability  to  develop  tractive  effort.  A tractor  Incorporating 
this  feature  could  thus  be  made  much  lighter  and  would  require 
less  ballasting  than  a conventional  towing  tractor  for  a given 
tractive  effort  requirement.  Consequently,  It  would  be  more 
fi'«l  efficient  and  reduce  the  damage  to  airport  service  roads 
attributable  to  the  traffic  of  heavy,  poorly  suspended  tractors 
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4.  PROTOTYPE  DESIGN 

4.1  PHYSICAL  AND  PERFOIMANCE  CHARACTERISTICS 

The  Helicopter  Ground  Mobility  System  (HGMS)  consists  of  a 
power  module,  developing  motive  power  and  tractive  effort,  and 
auxiliary  devices  to  Increase  flotation  and  to  reduce  helicop- 
ter towing  resistance.  The  basic  system  shown  In  Figure  24 
Incorporates  a power  module  and  a pair  of  flotation  tracks 
which  are  capable  of  mobilizing.  Interchangeably,  either  of  the 
advanced  wheeled  helicopters.  An  adapter,  described  In  Section 
4.2,  extends  that  capability  to  Include  current  generation, 
skld-equlpped  helicopters.  The  tractive  effort  and  power  re- 
quirements are  discussed  In  detail  In  Appendix  A. 

The  power  module,  common  to  all  configurations.  Is  essentially 
a small,  four-wheel,  walking  tractor  with  a variable-height 
load  platform  at  the  aft  end  and  the  operators  controls  at  the 
forward  end.  The  two  elements  of  the  power  module,  the  leading 
(power)  unit  and  the  trailing  (load  platform)  unit  are  connected 
by  a kingpin  to  permit  yaw  steering  and  a limited  roll  motion 
between  units.  The  drive  system  provides  selective  two-wheel 
(rear  axle)  drive  or  full  performance  four-wheel  drive. 

The  power  unit  consists  of  a light  structure  on  which  the  engine, 
transmission,  and  forward  drive  train  are  movinted.  The  required 
power,  as  determined  In  Appendix  A,  Is  provided  by  a l6  hp 
Briggs  and  Stratton  engine  coupled  to  dual  hydrostatic  trans- 
missions and  Dana  Spicer  axles.  This  engine  was  selected  after 
a review  of  available  units  producing  the  necessary  power.  Can- 
didate engines,  as  shown  In  Table  3*  included  both  gasoline  and 
diesel  fueled  units  In  a power  range  from  13  to  40  hp.  Selec- 
tion criteria  reflected  considerations  as  to  physical  slse  and 
weight;  the  availability  of  options  such  as  electric  starter 
and  generator  or  alternator,  fuel  pump,  fuel  tank,  and  spark 
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Figure  24,  Ocneral  Arrangement  - Helicopter 
Ground  Mobility  System  (HOMS) 
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arrester/muffler;  engine  availability  and  maintainability; 
and  cost  In  addition  to  purely  performance  characteristics. 

The  selected  engine,  the  Briggs  and  Stratton  Series  4004l0, 
offers  adequate  power  at  the  lowest  Installed  weight  and  In- 
cludes an  Integral  electric  starter-alternator.  The  engine’s 
small  physical  size  minimizes  Installation  problems  and  elimi- 
nates the  need  to  reposition  or  repackage  engine  components. 
Although  only  recently  entering  production,  this  engine  Is  rep- 
resentative of  proven  technology  and  has  ample  parts  and  ser- 
vice support. 

A hydrostatic  transmission  system  was  selected  because  It 
offers  full  performance  in  either  direction  with  simple  con- 
trols and  a minimum  of  mechanical  complexity  In  the  Installa- 
tion. The  choice  of  specific  components,  pumps  and  motors, 
was  predicated  on  achieving  the  necessary  performance  with  the 
lowest  practical  system  working  pressure  and  a minimum  of  mech- 
anical reductions.  The  Sundstrand  Series  15  tandem  pump  meets 
these  requirements  with  a single  pumping  unit  which  requires 
only  one  mounting  and  one  drive.  The  unit  provides  two  Inde- 
pendent pumping  systems  and  Includes  Integral  charge  pumps  and 
the  necessary  circuit  valving  and  pressure  reliefs.  Like  the 
engine,  the  Sundstrand  unit  Is  highly  reliable,  commercially 
available,  and  representative  of  the  latest  In  the  state-of-the- 
art.  The  Webster  Model  MC5F-15  hydraulic  motors  selected  are 
compatible  with  the  pumps  and,  by  virtue  of  their  1.30  cubic 
Inch  displacement,  contribute  to  the  overall  gear  reduction. 

The  Dana  Spicer  Model  aT-20  axle  Is  designed  specifically  for 
use  with  a hydrostatic  transmission  and  Incorporates  an  Integral 
Input  reduction  gearbox  giving  an  overall  ratio  of  20.9sl.  This 
axle,  unlike  others  Investigated,  Incorporates  rugged,  automo- 
tive-quality components.  In  a lightweight  aluminum  housing. 
Roller  chain  final  drives,  with  reduction  ratios  of  1.57:1.0, 
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serve  as  trailing  arms  which  connect  the  l8  x 9. 50-8  Goodyear 
Terra-Tires  and  wheels  to  the  axle  output  shafts.  The  chassis 
structure  which  supports  the  axle  housing  and  tubes  also  pro- 
vides mountings  for  the  engine  and  pump  unit,  telescopic  con- 
trni/steerlng  handle,  and  the  trailing  unit  attachment.  The 
engine  Is  offset  to  the  right  at  the  forward  end  of  the  unit. 

A timing  belt  drive,  with  a 1:1,  ratio  drives  the  Sundstrand 
Series  15  tandem  pump  assembly,  mounted  to  the  left  of  the 
engine,  which  Is  the  Input  end  of  the  hydrostatic  transmission. 
The  pumping  unit  Is  mounted  parallel  to  the  engine  crankshaft 
and  provides  Independently  controllable,  closed-loop  hydraulic 
flow  to  the  hydraulic  motor  at  each  axle  Input.  Pump  outputs 
are  controlled  from  twist  grips  on  the  control/steering  handle 
and  provide  equal  performance  in  both  forward  and  reverse  direc- 
tions of  travel.  Excess  flow  from  the  charge  pumps  Integral 
with  the  Sundstrand  pumping  unit  are  used  to  operate  the  hy- 
draulic lifting  Jacks  on  the  load  platform. 

The  engine  Is  governed  to  drive  the  pumps  at  a constant  3,000 
rpm.  The  variable  displacement  Series  15  pumps,  with  a dis- 
placement range  of  from  0 to  .913  cubic  Inches  per  revolution 
In  either  direction,  produce  a maximum  output  of  11.9  gpm  Per 
pump.  This  flow,  when  delivered  to  the  hydraulic  motor  (1.3 
cubic  Inches  per  revolution),  with  the  selected  tire,  produces 
a ground  speed  of  3 tnph  In  either  direction.  The  tiractlve 
effort  (four-wheel  drive)  necessary  to  climb  a 15-percent  grade 
Is  developed  at  a system  pressure  differential  of  2,86o  psl. 

At  this  pressure,  the  available  engine  power  can  achieve  a 
vehicle  speed  of  approximately  0.9  mph.  The  engine  Incorporates 
an  electric  starter  and  alternator  and  can  also  provide  3 a®- 
perea  of  electrical  current  at  12  VDC  for  battery  charging  as 
well  as  an  additional  100  watts  for  operation  of  other  elec- 
trical equipment  and  the  loading  winch.  The  winch  control  la 
grouped  with  those  for  the  Jacks  on  the  control/steering  handle. 
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The  control/steering  handle  assembly,  shown  In  Figure  25,  Is 
telescopic  and  may  be  adjusted  to  provide  for  comfortable  and 
effective  use  by  operators  In  the  5th  to  95th  percentile  anthro- 
pometric range  per  MIL-STD  1472B.  The  travel  speed  and  direc- 
tion of  the  HGMS  are  controlled  by  a twist  grip  which  functions 
naturally  with  the  operator  facing  In  the  direction  of  travel. 
Release  of  the  control  by  the  operator  will  result  In  the  trans- 
mission returning  automatically  to  the  neutral  position. 

All  operating  systems  are  adequately  covered  by  sheet-metal  en- 
closures which  provide  environmental  protection  for  the  equip- 
ment while  also  safeguarding  the  operator  from  Injury.  The 
tires  are  covered  by  fenders  which  protect  the  operator  from 
material  thrown  up  by  the  wheels  during  reverse  operation. 

The  rear,  or  load,  unit  Is  essentially  a scoop-shaped  load  plat- 
form mounted  on  wheels.  The  wheels  are  mounted  on  trailing  arms 
which  house  the  1.57:1.0  ratio  chain  drives  connecting  the  wheels 
to  the  axle  unit  as  described  above.  The  arms  are  arranged  to 
rotate  about  the  axle  shaft  centerline,  permitting  the  load  plat- 
form to  be  raised  or  lowered  by  the  two  2500-pound  capacity  hy- 
draulic Jacks  attached  to  the  platform.  The  arms  are  locked  to 
the  platform  In  the  "up"  position  by  pins  which  must  be  withdrawn 
prior  to  lowering  the  platform.  An  electric  4000-pound  capacity 
winch  Is  mounted  above  the  axle  gearbox  and  Is  used  to  pull  the 
helicopter  tall  wheel  onto  the  lowered  platform.  The  rear  unit 
stmicture  Incorporates  the  attachment  fittings  for  the  Skld- 
Equlpped  Helicopter  Adapter  unit  which  Is  discussed  In  Section 
4.2. 

When  used  to  move  the  wheel-equipped  AAH  or  UTTAS  helicopters, 
the  power  module  Is  complemented  by  a pair  of  flotation  tracks 
which  are  fitted  loosely  around  each  of  the  aircraft  main 
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landing  gear  wheels.  As  shown  In  detail  In  Figure  26,  the 
tracks  Increase  the  ground  contact  area  of  each  main  landing 
gear  wheel  from  6o  to  approximately  230  square  Inches,  thereby 
reducing  wheel  slnkage  and  towing  resistance.  Each  of  these 
tracks  Is  made  up  of  24  track  segments,  each  13  Inches  wide, 
which  are  molded  from  DuPont  Hytrel  polyester  material.  The 
Individual  track  segments  are  Joined  to  each  other  by  24,  1/4- 
Inch  diameter  track  pins  forming  a flat  track  90  Inches  long 
and  weighing  70  lb.  The  selection  of  the  Hytrel  polyester  as 
the  track  material  was  dictated  both  by  consideration  of  Its 
physical  properties  and  Its  successful  uses  In  similar  applica- 
tions. The  material  combines  characteristics  of  both  rubbers 
and  plastics  and,  as  a result,  offers  high  strength  and  resili- 
ence over  a temperature  range  of  from  -90°  to  over  -*-300°?. 

Molded  Into  tracks  for  snowmobiles  and  other  off-road  vehicles, 
excellent  flex-fatigue  resistance,  abrasion  resistance  and  Im- 
pact strength  have  been  demonstrated  In  adverse  environmental 
conditions.  The  material  Is  readily  formed  and  Is  highly  resist- 
ant to  weather,  hydraulic  fluids,  aircraft  fuels  and  oils,  radia- 
tion and  oxidation. 


As  an  Integral  part  of  the  HOMS  helicopter  loading  sequence, 
these  tracks  are  positioned  on  the  ground.  Immediately  behind 
and  In  contact  with  each  main  landing  gear  wheel,  and  the  air- 
craft Is  winched  4 feet  backward  onto  the  tracks.  The  free  ends 
of  each  track  are  then  brought  together  around  the  wheel  and 
Joined  simply  by  removing  and  reinserting  the  24th  pin  through 
the  Interlocking  pin  bosses.  A spring  pin  Installed  across  the 
pin  bushing  prevents  accidental  loss  of  the  track  pin.  The 
tracks  are  designed  to  permit  rapid  field  connection,  without 
tensioning  tools,  around  helicopter  wheels  of  varying  diameters 
and  widths.  Deep  wheel  guides  provide  the  circumferential  bear- 
ing surfaces  necessary  to  prevent  "track- throwing"  despite  the 
typically  loose  track-to-wheel  fit.  As  the  wheel  rolls  Inside 
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of  the  track  the  wheel  load  will  be  transferred  alternately  to 
four  or  five  track  sections  In  contact  with  the  ground.  The 
track  pitch,  3.75  Inches,  and  track  length  eliminate  any  re- 
quirement to  precisely  position  the  wheel  with  respect  to  track 
length  In  order  to  connect  the  ends.  Similarly,  the  track  may 
be  taken  apart  at  any  convenient  point,  for  removal  from  the 
wheel,  by  removing  any  one  of  the  24  Identical  track  segment- 
connecting pins. 


4.2  SKID-EQUIPPED  HELICOPTER  ADAPTER 


The  Skld-Equlpped  Helicopter  Adapter  shown  In  Figure  27  evolved 
from  a series  of  concepts.  Initially  It  appeared  that  the  major 
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differences  In  physical  size  and  weight  between  the  two  large 
helicopters  (UH-1  and  AH-l)  and  the  two  light  helicopters  (0H-6a 
and  OH-58A)  now  In  the  Inventory  precluded  the  design  of  a 
single,  universally  useful,  adapter.  As  a consequence,  the 
first  concept  studied  was  a frame-type  semi-trailer  designed  to 
pick  up  and  carry  the  UH-1  and  AH-l  helicopters.  Basic  to  this 
concept  was  the  use  of  the  standard  helicopter  grovind  handling 


wheel  attachment  fittings  as  the  Interface  between  helicopter 
and  adapter.  The  concept  Incorporated  tandem-mounted  Terra- 
Tires  and  an  Integral  Jacking  system.  A gooseneck  fitting  pro- 
vided a towing  attachment  to  the  HOMS  power  module  described  In 
Section  4.1. 


The  second  concept,  configured  for  the  0H-6A  and  OH-38A  heli- 
copters, envisioned  that  the  helicopter  would  "fly  on"  and  "fly 
off"  the  adapter.  It  was  essentially  a deckless,  four-wheeled 
trailer  with  a towbar  and  front-wheel  steering  mechanism.  The 
longitudinal  frame  members  consisted  of  channel-like  treadways 
on  which  the  helicopter  could  be  landed.  The  running  gear  uti- 
lized 20  X 14.00  Terra-Tlreb  and  incorporated  a Jacking  sydtem 
which  pezadtted  the  treadway/platform  to  be  lowered  into  firm, 
level  ground  contact  for  flight  operations.  The  raised  adapter 


could  be  towed  by  any  vehicle  organic  to  aviation  units  and 
I fitted  with  a towing  pintle,  as  well  as  by  the  HOMS  power 
module. 

A review  of  the  two  concepts  described  above  Indicated  that  the 
first  concept  could  be  configured  to  handle  all  four  hellcop- 
I ters.  A third  design  concept  Incorporating  these  modifications 
was  prepared.  In  addition,  uhe  suspension  unit  design  was 
changed  to  permit  the  adapter  to  be  used  to  load  a UH-1  heli- 
copter Into  the  C-130  or  C-l4l  aircraft  for  air  transport.  This 
latter  capability  was  achieved  by  removing  the  tandem-mounted 
wheel/wallclng  beam  units  from  the  outboard  sides  of  the  adapter 
frames  (loading  position)  and  reinstalling  them  Inboard  of  the 
frames,  thereby  achieving  the  necessary  reduction  In  overall 
width.  An  additional  concept  Incorporating  all  of  the  principal 
i features  noted  evaluated  the  use  of  dual-wheel  suspension  units 

I which  could  be  swung  Into  position  for  loading  on  cargo  aircraft, 

eliminating  the  need  to  remove  and  reinstall  wheel  units. 

The  fifth  exploratory  concept  design  was  predicated  on  the  de- 
sire to  achieve  the  minimum  possible  weight  for  an  adapter  capa- 
ble of  handling  all  four  helicopters  models.  This  concept 
featured  an  adjustable-width  main  frame  whose  side  members 
passed  under  the  fuselage  rather  than  outboard  of  the  skids. 

The  concept  also  used  single  wheels  and  screw  Jacks  assembled 
Into  a rear  support/wheel  unit. 

The  five  concepts  described  were  evaluated  In  the  context  of  the 
basic  requirements  to  provide  an  effective  means  of  moving  cur- 
rent Inventory  skld-equlpped  helicopters  In  conjunction  with  the 
HCMS  equlpaient  and  personnel.  This  review  resulted  In  the  con- 
cept shown  in  Figure  27  which  combines  the  most  compatible  fea- 
tures of  the  five  concepts.  This  final  concept  utilizes  the 
ground  handling  wheel  attachment  fittings  on  the  skids  as  the 
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Figure  27.  Skld-Bqulpped  Helicopter 
Adapter  (HOMS) 
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pickup  point,  but  provides  adequate  structure  to  minimize  the 
possibility  of  overloading  and  consequent  damage  to  the  skids 
and  the  helicopter. 


The  adapter  frame  consists  of  a pair  of  side  frame  assemblies 
bolted  to  the  forward  gooseneck  assembly.  The  ends  of  the  side 
frames  each  carry  a suspension  unit  consisting  of  two  26  x 
12.00-12  Goodyear  Terra-Tires  and  wheels  mounted  on  a walking 
beam.  The  walking  beam  may  be  attached  to  either  side  of  a 
bellcrank  linkage  which  also  Incorporates  a screw-jack  member. 
The  Jack  Is  used  to  raise  or  lower  the  end  of  the  frame  with 
respect  to  the  i^rround  line  on  which  the  adapter  wheels  are 
resting.  The  side  frames  are  connected  transversely  near  their 
midpoints  by  the  forward  skid  support.  The  gooseneck  assembly 
which  bolts  to  the  side  frames  Is  fitted  with  both  a towing  lun 
ette  and  an  attachment  fitting  to  mate  with  the  HGMS  power 
module.  An  optional  Jack  screw/support  may  also  be  provided  to 
facilitate  attachment  to  the  prime  mover.  The  telescoping  tubu 
lar  pickup  beam  assembly  Incorporates  hanger  units  at  each  end 
which  lock  onto  the  standard  attachment  fittings  on  the  skids 
of  any  of  the  four  helicopter  models.  The  hanger  units  are  ar- 
ranged to  rotate  and  slide  laterally  on  the  reduced  diameter 
section  of  the  tubular  beam.  This  lateral  freedom  Is  provided 
to  permit  the  same  beam  to  accommodate  skid  treadwldths  rang- 
ing from  the  nominal  7^.^  Inches  of  the  OH-58A  to  the  102  Inch 
maximum  allowed  on  the  UH-1.  The  beam  ends  Incorporate  angle- 
shaped flanges  which  mate  with  holes  In  the  side  frames.  The 
side  frames  also  provide  positive  stops  which  serve  to  auto- 
matically align  the  flange  holes  with  those  In  the  frame.  The 
use  of  aluminum  for  major  structural  elements  permits  a basic 
adapter  weight  of  approximately  1100  pounds. 


The  loading  sequence  for  the  adapter  consists  of  several  steps 
First,  the  pickup  beam  Is  passed  under  the  helicopter  and  se- 
cured and  locked  to  the  skid  fittings  on  the  helicopter.  Next 


the  adapter  frame,  with  wheels  in  the  outboard  position  and  the 
frame  lowered.  Is  positioned  In  front  of,  and  centered  on,  the 
helicopter.  The  adapter  Is  moved  backward  until  the  load  posi- 
tion stops  on  the  HGMS  adapter  side  frames  contact  the  end 
flanges  of  the  pickup  beam.  The  beam  Is  then  extended  fully 
and  the  adapter  frame  raised  as  required  to  permit  Installation 
of  the  ball-lock  pins  which  secure  the  beam  to  the  frame.  The 
suspension  Jack  screws  are  then  extended  fully,  raising  the 
frame  to  transport  height  and  causing  the  helicopter  to  assume 
a nose-down  attitude.  Using  sufficient  load  applied  to  the 
helicopter  tall  skid  to  position  and  hold  the  helicopter  In  a 
slightly  nose-up  attitude,  the  forward  skid  support  Is  posi- 
tioned below  the  landing  skids  and  secured  with  ball -lock  pins. 
The  helicopter  Is  then  lowered  until  the  skids  rest  on  the  for- 
ward skid  support  and  is  further  secured  by  attaching  tiedown 
straps. 

The  helicopter  Is  \inloaded  by  reversing  the  loading  sequence. 

If  the  loaded  helicopter  Is  to  be  air  transported  It  is  neces- 
sary to  move  the  wheel/walking  beam  units  to  the  Inboard  posl- 
I tlon.  This  Is  accomplished  by  retracting  the  Jack  screws  to 
I lower  the  frame  ends  onto  blocks,  thus  unloading  the  wheels 

so  they  may  be  easily  removed  and  reinstalled.  The  wheel  assem- 
blies must,  however,  be  returned  to  the  outboard  position  before 
the  helicopter  can  be  unloaded  from  the  adapter. 

Although  not  shown  In  Figure  27 t the  adapter  may  be  fitted  with 
deck  panels  to  also  permit  Its  use  as  an  effective,  easily  load- 
ed, low-bed  utility  trailer,  towable  by  a variety  of  vehicles 
1 1 genie  to  aviation  units. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


The  concept  design  and  feasibility  investigation  documented  in 
this  report  clearly  demonstrates  the  technical,  operational, 
and  economic  feasibility  of  a ground  movement  system  conflguned 
to  provide  local  mobility  for  the  AAH  and  UTTAS  helicopters. 
Additionally,  the  engineering  and  design  efforts  of  the  latter 
part  of  the  study  produced  a practical  configuration  for  an 
adapter  to  enable  use  of  the  wheeled-helicopter  ground  movement 
system  (HGMS)  as  a means  of  locally  moving  the  Army’s  current 
inventory  skid-equipped  helicopters. 


The  contractor's  concept  formulation  activities  resulted  in  the 
development  of  some  30  different  approaches  to  providing  the 
tractive  effort  and  flotation  required  to  move  the  YAH-64  AAH 
and  UH-60A  UTTAS  helicopters  across  the  unimproved  terrain  de- 
scribed in  the  report,  and  to  accomplish  such  movement  within 
a cycle  time  of  no  more  than  6.7  minutes  so  that  five  helicop- 
ters could  be  moved  between  a landing  area  and  concealed  posi- 
tions within  39  minutes,  including  HOMS  movement  time  between 
helicopters.  The  concepts  investigated  Included  wheeled  and 
tracked,  self-propelled  and  towed,  and  frame-type  as  well  as 
auxiliary  flotation  and  auxiliary  power  ground  movement  systems, 
j 

These  concepts  were  subjected  to  a comprehensive  three-step 
evaluation  to  determine  mission  suitability.  The  concept  ulti- 
mately selected  for  further  development  and  prototype  design  in 
a direct  comparison  with  the  four  other  concepts  that  survived 
the  first  two  evaluation  steps,  and  as  measured  against  an  aver- 
age or  "optimized”  design,  demonstrated  its  overall  superiority 
on  a cost  benefit  basis  on  13  critical  rating  points.  These 
points  Included  mobility,  speed,  maneuverability,  gradeablllty, 
weight,  tractive  effort,  pcwer/welght  ratio,  and  air  transport- 
ability. The  selected  HOMS  concept  can  handle  the  wheeled  AAH 


r 

I and  UTTAS  helicopters  and,  with  the  adapter  device  shown  In 

Figure  27,  will  also  accommodate  the  Army's  current  Inventory 
skld-equlpped  helicopters. 

It  must  be  recognized  that  the  selected  concept  Is  a highly 
specialized  system,  especially  adapted  to  the  mobility  require- 
ments specified  in  the  contract  and  defined  In  this  report  and 
particularly  adapted  to  the  military  environment  In  which  It 
and  the  noted  helicopters  will  be  operating.  Furthermore, 
while  It  may  be  considered  the  major  element,  the  prime  mover 
Is  only  a part  of  the  total  HGMS  system.  It  supplies  tractive 
effort,  but  cannot,  by  Itself,  perform  the  ground  mobility 
mission.  The  track  assemblies  for  the  main  landing  gear  of  the 
wheeled  AAH  and  UTTAS  helicopters,  and  the  adapter  for  the  skld- 
equlpped  helicopters,  provide  the  second  essential  for  ground 
mobility  — soft  terrain  flotation. 


Considering  the  foregoing.  It  Is  evident  that  the  typical  com- 
mercial light  aircraft  or  helicopter  ground  mobility  equipment 
(for  example,  small  tugs  or  wheel  power  units  designed  to  oper- 
ate on  Improved  surfaces)  could  not  be  expected  to  perform  the 
HGMS  mission.  They  cannot  satisfy  the  Army  mobility  require- 
ment, and  they  do  not  possess  the  reliability  and  durability 
needed  to  survive  and  perform  dependably  In  a military  environ- 
ment. 


To  gain  the  maxlmvun  benefit  from  the  HOMS  concept  formulation 
and  feasibility  Investigation  documented  In  this  report,  VSDC 
recommends  that  the  Army  proceed  with  Its  plans  to  prototype 
the  selected  HOMS  concept  and  the  skld-equlpped  helicopter 
adapter.  The  design  and  analytical  work  which  has  been  accom' 
pushed  provides  a high  level  of  confidence  In  the  functional 
capability  of  the  system,  and  the  near-term  availability  of 
prototypes  will  afford  an  opportunity,  in  field  trials,  to 
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develop  effective  operational  techniques  for  Its  use  that  will 
Justify  placing  It  In  service.  Based  on  a knowledge  of  the 
operational  demands  that  will  be  made  on  Army  aviation  units  In 
the  next  decade.  It  Is  clear  that  employment  of  the  HCMS  could 
measurably  enhance  the  survivability  of  attack  and  utility 
helicopters  In  forward  areas  and  thereby  Increase  their  combat 
effectiveness. 
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APPENDIX  A 


VC I PROCEDURE,  MOTION  RESISTANCE,  AND  POWER  REQUIREMENTS 
APPLICATION  OF  VCI  PROCEDURE  TO  HGMS 

The  Vehicle  Cone  Index  (VCI)  designator  system  developed  by 
USAEWES  (see  reference  l)  provides  an  estimate  of  vehicle  "go” 
or  "no-go”  capability  In  a soil  characterized  by  a Rating  Cone 
Index  (RCI). 

USAEWES  has  experimentally  determined  VCI  values  for  a large 
number  of  vehicles,  both  wheeled  and  track-laying,  and  vehicle- 
trailer  combinations.  Based  on  field  measurements,  USAEWES 
has  also  formulated  a set  of  equations  which  can  be  used  to 
calculate  the  VCI  of  a vehicle  of  more  or  less  conventional 
configuration,  based  on  consideration  of  certain  vehicle  charac 
terlstlcs  such  as  weight,  ground  clearance,  wheel  or  track 
dimensions,  and  available  power.  Low  numerical  VCI  values  Indl 
cate  greater  mobility. 

The  equations  are  available  for  both  wheeled  and  tracklaying 
vehicles  and  certain  assumptions  are  Implicit  In  their  appli- 
cation. These  are: 

• The  vehicle  moves  In  straight,  unaccelerated  motion. 

• Adequate  torque  Is  available. 

• All  wheels  or  tracks  share  the  gross  load  equally, 
a All  wheels  or  tracks  In  contact  with  the  ground  are 

powered. 

Application  of  these  equations  to  vehicles  which  do  not  meet 
these  requirements,  or  to  vehicle-trailer  combinations,  can 
only  be  accomplished  reliably  through  the  Integration  of  com- 
plex considerations  which  require  much  more  detailed  Informa- 
tion than  Is  available  from  the  preliminary  designs  for  the 
candidate  HCWS  concepts  developed  In  the  subject  Investiga- 
tions. However,  It  Is  possible  to  calculate  VCI  values  based 
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on  the  standard  equations  for  use  as  comparative  figures  of 
merit  for  mobility,  recognizing  that  the  VCI  values  so  obtained 
do  not  necessarily  Indicate  the  actual  performance  which  can  be 
expected. 

The  results  of  such  calculations  for  the  selected  concepts  are 
presented  In  Table  A-1. 

• 

I TABLE  A-1.  HGMS  CONCEPT  VEHICLE  CONE  INDEX  (VCI^) 


Concept  No. 

VCI, 

Concept  No. 

VCI, 

1 

IT 

10 

l4 

2 

45 

11 

25 

6 

43 

13 

21 

9A 

23 

14 

35 

9B 

24 

15 

25 

In  connection  with  these  VCI  figures.  It  should  be  noted  that 
Concepts  1,  2,  and  l4,  with  the  highest  values,  most  nearly 
meet  all  the  criteria  for  full  use  of  the  formula  since  they 
are  self-propelled  vehicles.  These  values  should  closely  ap- 
proximate the  true  mobility  performance  of  the  concepts.  The 
others,  with  the  exception  of  Concept  15,  are  wheeled  vehicle- 
trailer  combinations  and  are  uniquely  configured  for  low  groxxnd 
pressures  and  reduced  motion  resistance.  Reference  to  the 
USAEWES  listings  of  VCI  values  shows  that  the  combination  ve- 
hicles which  have  been  tested  exhibit  VCIj^  values  In  a range 
from  21  to  35*  with  the  lower  values  characteristic  of  low 
ground  pressures.  This  correlation  between  conceptual  VCI's 
and  recorded  VCI  values  confirms  the  validity  of  their  use  In 
the  HOMS  concept  matrix  analysis. 

HOMS  TRACTIVE  EFFORT  AND  POWER  REQUIRatENTS 

The  program  work  statement  defined  the  hO?4S  performance  goals 
In  terms  of  speeds  and  the  gradeablllty  to  be  achieved  on  soils 
of  a specified  Cone  Index  (Cl),  Specifically')  the  requirements 
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state  that  the  HGMS  must,  with  a helicopter  gross  weight  of 
10,000  - 15#000  pounds,  be  capable  of  negotiating  a 3-percent 
grade  In  soil  with  a one-pass  Cl  of  50  and  a 15-percent  grade 
In  soil  with  a Cl  of  125,  and  sustaining  ground  speeds  of  at 
least  1 and  3 mph  on  dry,  level  grovind  with  one-pass  Cl’s  of 
50  and  125,  respectively. 

These  requirements  provide  a reasonable  basis  from  which  to 
develop  a test  to  measure  the  adequacy  of  the  HGMS  performance. 
They  do  not,  however,  express  the  performance  goals  In  terms 
of  specific  design  criteria  to  which  the  HGMS  may  be  designed. 
These  criteria  must  be  expressed  In  terms  of  the  motion  resist- 
ance which  will  be  experienced  and  the  tractive  effort  neces- 
sary to  overcome  that  resistance.  The  latter  value,  and  the 
requirements  of  grade  and  speed,  permit  the  development  of 
drive  system  criteria  Including  the  engine  power,  wheel  size, 
and  the  Intervening  gear  ratios. 

The  USAEWES  Mobility  and  Environmental  Systems  Laboratory  at 
Vicksburg,  Mississippi  (the  originator  of  the  Cone  Index  system 
for  soil  classification)  has  performed  a study  of  the  problems 
associated  with  the  movement  of  helicopters  on  unimproved  ter- 
rain. The  study,  sponsored  by  the  U.S.  Army  Aviation  Systems 
Command  and  reported  In  Reference  1 measured  the  towing  resist- 
ance of  tires  proposed  for  the  UTTAS  and  AAH  helicopters  In  a 
variety  of  soli  conditions.  Table  4 of  Reference  1 presents 
estimates  of  the  towing  resistance  of  the  complete  helicopter, 
which  range  frcsn  12-percent  to  152-peroent  of  the  gross  weight 
(depending  on  tire  sizes,  tire  pressures,  and  soli  conditions). 
Two  soil  conditions,  RCI’s  of  105  and  52,  are  presented  In  the 
table.  Figure  42  of  Reference  1 shows  a plot  of  resistance  as 
a function  of  RCI  and  also  Indicates  the  towing  performance  of 
several  military  vehicles. 
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The  data  presented  In  the  USAEWES  study  treats  the  helicopter 
as  a three-wheeled  trailer*  towed  by  another  vehicle.  The 
chosen  HGMS  concept  removes  the  tall  wheel  from  contact  with 
the  soil  surface  and  uses  flotation  devices  on  the  main  land- 
ing gear  to  reduce  slnkage  and  consequently  lower  towing  resist- 
ance. 

A generalized  system  for  quantifying  both  the  motion  resistance 
exhibited  and  the  maxlmvun  tractive  effort  which  may  be  devel- 
oped by  a vehicle,  or  vehicle  combination,  in  terms  of  an 
"Excess  Rating  Cone  Index  (RCI^)"  Is  also  presented  briefly  In 
Appendix  A,  Soil-Vehicle  Models,  to  Reference  1 and  In  more  de- 
tail elsewhere.  The  RCI  is  defined  as  the  difference  between 
the  Rating  Cone  Index  (RCI)  of  a given  soil  and  the  Vehicle 
Cone  Index  (VCI)  of  a given  vehicle.  The  calculated  single- 
pass Vehicle  Cone  Index  (VCI^^)  for  the  HCMS  power  module  (in- 
cluding 2700  pounds  of  transferred  load)  Is  23  based  on  the 
current  USAEWES  formula.  Calculation  of  a VCI^^  of  35.5  for  the 
helicopter,  considered  as  a trailer.  Is  also  possible,  but  be- 
cause of  the  complexity  of  applying  the  formulas  Involved,  does 
not  (in  USAEWES’  opinion)  provide  a valid  or  useful  result. 

The  RCIj^  system  as  published  by  USAEWES  Is  applicable  to  self- 
propelled  vehicles  and/or  self-propelled  vehicles  towing  "inop- 
erable powered  vehicles",  and  does  not  Include  trailers  or 
self-propelled  vehicles  with  non-powered  wheels.  However, 
USAEWES  has  published  lists  of  "measured"  VCI  data  for  a variety 
of  vehicles,  including  tractor-trailer  or  combination  vehicles 
similar  to  the  proposed  HOMS-hellcopter  combination.  The  list 
Includes  VCI^  values  In  a range  from  21  to  35  for  combinations 
designed  for  off-road  service.  The  lower  values  are  associated 
with  vehicles  exhibiting  low  ground  pressures.  As  a specific 
example,  the  military  2-1/2-ton  M35A2  truck  towing  a 1-1/2-ton 
M105A2  trailer  (gross  weight  In  excess  of  25,000  pounds)  has  a 
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VCI^  of  3^.  The  truck  alone  has  a VCI^^  of  26  at  a weight  of 
19*000  pounds. 


Considering  the  substantially  lower  weight  of  the  HGMS-hell- 
copter  combination,  the  previously  noted  calculated  VCI^  of  23 
for  the  power  module  and  the  use  of  flotation  tracks  on  the 
helicopter  main  landing  gear.  It  appears  that  an  estimated  VCI^^ 
of  30  for  the  combination  Is  realistic  and  conservative.  Using 
this  value,  and  assuming  a gross  combination  weight  of  16,300 
pounds,  applying  the  USAEWES  system  procedure  produces  the  fol- 
lowing figures: 

RCI^  - RCI  - VCI  ^^^x50  "50-30-20 

RCI^125  - 125  - 30  - 95 

Prom  Figure  A5  of  Reference  1,  the  coefficients  of  towing  re- 
sistance (the  ratio  of  resistance  to  total  weight)  may  be  de- 
rived for  the  above  values  of  RCI^,  and  the  corresponding  motion 
resistance  and  required  zero-grade  tractive  effort  (TE)  can  be 
calculated: 

RCIjj50  - 20  - 0.134  TE^q  » 0.134  X 16,500  - 2211  pounds 

RCIj^125  • 95  - 0.068  TEj^25  “ 0.068  X 16,500  = 1122  pounds 

The  excess  tractive  effort  (TE_)  required  for  the  grade  perform- 
ance  specified  for  the  HOMS  Is  equal  to  the  product  of  the  per- 
centage of  grade  and  the  gross  weight  of  the  combination  of  the 
HOMS  and  helicopter  payload: 

TE_  - 0.03  X 16,500  • 495  povinds 

O 

TEg  ■ 0.15  X 16,500  ■ 2475  pounds  | 

' i 

The  total  tractive  effort  (TE)  required  by  the  HOMS  to  achieve  i 

the  performance  specified  for  the  HOMS-hellcopter  combination  ^ 

is  equal  to  the  sum  of  the  tractive  effort  necessary  to  over- 
come motion  resistance  and  the  tractive  effort  needed  for  grade- 
ability: 


TE^q^  = 2211  + 495  = 2706  pounds 

'^®125T  ■ ■*■  pounds 

With  these  values  established,  an  initial  determination  may  be 
made  of  the  engine  power  required  for  the  HGMS.  Assiimlng  that 
the  maximum  speed  of  3 niph  on  soil  with  a one-pass  Cl  of  125 
is  to  be  achieved  on  level  ground,  then  the  nominal  engine 
power  needed  would  be  the  following; 

„ _ Motion  Resistance  x Velocity 


Hp  » 


1122  pounds  x 3 mph 

375 


9 Hp 


The  engine  selected  for  the  preliminary  design  of  the  HCMS  will 
produce  16  hp  at  3600  rpm  under  standard  conditions.  Even  with 
the  engine  power  reduced  to  account  for  a density  altitude  of 
10,000  feet  and  guaranteed  minimum  production  engine  perform- 
ance, the  available  horsepower  exceeds  the  above  requirement. 
The  HGMS  inaxlmvim  possible  speed  on  the  maxlmvim  grade  of  15- 
percent  may  be  determined  as  follows: 

velocity  (mph)  = 

ance 

Velocity  (mph)  ■ = 0.9  mph 

Summarizing  this  cursory  analysis.  It  demonstrates  that  the 
selected  engine  will  enable  the  HGMS  with  Its  helicopter  pay- 
load  to  attain  the  performance  goals,  speed  and  gnrdeablllty 
at  a density  altitude  of  10,000  feet,  specified  for  the  system 
in  the  subject  contract. 
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